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SUMMARY 


The  Aqulla  field  test  program  progressed  over  a period  of  19  months,  oommenc- 
ing  on  1 December  1975,  at  die  Crofws  TJindfng  Naval  Auxiliary  Landing  Held 
near  Patterson,  California,  and  conolnded  on  10  July  1977  at  Fort  Huaohuca, 
Arizona.  Ihe  initial  fU^ts  at  Citnvs  Landing  used  partially  complete  software, 
partially  tested  Ground  Control  Station  (QCS),  and  partially  tested  RPV  autopilot 
components,  lliese  flights  were,  therefore,  also  "debugging"  as  well  as 
"proofing"  fillets.  The  LMSC  field  crew  was  made  iq>  of  both  test  and  engineer- 
ing personnel,  wldi  prctfesslonal  engineers  and  tedmioians  working  aide  by  aide 
troiiblediooting  and  modifying  hardware.  Once  basic  system  performance  ele- 
ments such  as  RPV  airworthiness,  data-Unk  lockup,  autopilot  responses,  and 
radio-control  operation  were  verified,  the  team  and  hardware  were  moved  to 
Fort  BUachuca,  Arizona.  Operatioas  began  there  early  In  January  1976  and 
proceeded  with  only  one  interriqitian  of  three  months'  duration  (firom  May  1976  to 
August  1976).  The  flight  test  program  progressed  slowly  at  first  because  of 
several  aircraft  losses  and  the  resultant  Investigations  and  corrective  actions. 
The  fli^t  failures  were  random  in  nature  and  chiefly  nonrelated.  It  seemed 
ttiat  as  each  new  feature  of  the  GCS-RPV  interface  was  tested,  problems  were 
uncovered.  Slowly,  critical  system  elements  were  verified  one  by  one;  how- 
ever, the  hodc-arrestlng/llne  horlz<mtal  retrieval  system  concept  continued  to 
be  at  the  root  of  most  of  the  serious  flight  problems.  From  January  ttiroui^ 
April  1976,  seven  flints  were  made.  Progress  was  made  toward  evaluation  of 
radio  control,  manual  and  wsypoln^  guidance,  data-link  characteristics,  auto- 
pilot performance,  RPV  flight  characteristics,  RPV-GC8  operational  integra- 
tion, expansion  of  software  routlaes,  launcher  operation,  development  of 
operational  and  oheokout  procedures,  and  LMSC  operational  crew  training.  How- 
ever, six  RPV  losses  occurred.  The  Army  directed  LMSC  to  suspend  Uie  flight 
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teat  program  and  enter  into  an  ltt>deptb  syatem  reliaMlity  Improvement  redealgn 
program,  nhldi  Involved  hardware,  aoftware,  and  operational  prooedorea. 

After  three  mondui,  the  field  orew  retomed  to  Fort  Buaohnoa  arlfii  hardware  mod- 
ification Uta.  aoftware  ohangea,  and  procedural  ohangea.  A paradhnte  qratem 
waa  added  to  eadi  RPV  aa  a backup  to  minindae  die  loaa  of  expenalve  RPV  hard- 
ware. The  fU^t  teat  program  plan  waa  reviaed  to  provide  a new  rationalet 

e Defined  objeotlvea  fbr  eadi  flight  diat  would  fit  into  an  overall  "building 
block"  logic  relattng  each  to  aubaeciuent  flli^ta 
e Eliminated  reliance  on  a 100-percent  program  aucoeaa  approadi  hjr 
providliig  r^titive  and/or  redundant  fllid^t  objeotlvea,  utllleing  die 
Otter  aircraft  and  RPVa. 

e Provided  eontingenojr  fllghta  to  cover  changea  In  aoope  and  clrcum- 
ataneea  preventing  acoomplidunent  of  teat  Objeotlvea 

The  flight  validation  and  demonatration  program  waa  reatruotared  Into  two 
phaaea: 

e Phaae  A.  Validation  of  RPV-QCg  performance  reqnlrementa,  launcher 
operation,  retrieval  ajretem  operation,  iqwrational  prooedorea,  ohedc- 
oot  procedure^ and  U.S.  Army  teat  team  certlfloatton 
e Phaae  B.  Senaor  mlaalon  validation' 

On  13  Siqpteniber  lOTOkfUght  teadng  waa  reaumed  (Flight  14)  with  the  RPV  hook 
aaaembiy  and  arreater-llne  horlaontal  net  oonflguratlon.  That  retrieval  attempt 
waa  unaneoeaaftil  and  reunited  in  adoption  of  the  vertioal  ribbon  harrier  a3ratem 
for  all  aobaeqoent  ffighta.  The  Phaae  A flight  validation  and  demonatradon  pro- 
gram dien  prooeeded  and  waa  completed  on  23  February  1977  with  Plight  37. 
Several  Otter  aircraft  fllghta  were  integrated^ into  thia  teat  aerlea,  whtdi  aerrad 
aa  ayatem  check  fllghta  and  traialng  opportunitlea.  Every  dealgn  feature  of  the 
Aqulla  ayatem,  with  Uie  exception  of  aenaor  fonot^hna,  waa  teatad  and  evaluated. 
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As  s result  of  test  siionislies»  dsta  rednotton*  opezatloiisl  difftauWes,  eto. 
s ”9*  modUlostkm  laqprofement  progrem  was  defined  end  H>i>wifed bj  ttie  U.8. 
Army.  Prodnot  Ingmovements  tonohed  every  major  element  of  tilie  Aqalla  sys- 
tem, Inphidliig  the  laonoher,  retrieval  lystem,  SPVs,  ground  control  staUott 
and  soflirare.  Daring  Mkroh  1977,  the  changes  were  Inooiporated  into  dm  hard- 
ware and  sofhvare.  RPVs  012  and  013,  wfaioh  had  been  repeatedly  flown  daring 
Ihaae  A,  were  modified  with  some  of  dm  more  oritioal  "F*  modtficatlone, 
FUid^ta  38  dironidt  41  were  obeok  flints  of  those  two  RPVs  for  veriftoatton  of 
dm  improvements  made  in  dm  entire  system.  Each  RPV  was  flown  snooessfolly 
two  times,  and  peiformanoe  data  were  withered. 

While  dm  "F*  modifications  were  being  incorporated  and  flight  tested  on  modi- 
fied "A*'  model  RPVs,  the  second  series  of  deliverable  RPVs  ~i.e. , RPV  014 
and  tm~  were  being  fsbrloated  and  acoeptanee  tested  at  Sonnyvale.  These  were 
called  dm  "F*  model  aircraft.  Ten  *'F'  model  RPVs  were  oonstmoted  (RPVs 
014  diroodh  023).  Of  this  qoantil^,  four  were  fU^t  tested  by  LMSC  widi  the 
five  types  of  sensors. 

The  Phase  B flliht  demonstration  and  validation  program  required  2 monlhs  for 
completion.  Integrated  into  this  test  series  were  10  training-exeroise/dry-iun 
fli|d>ts  with  smisors  installed  In  the  Otter  airoraft.  This  sensor  training  was 
held  for  the  benefit  of  LMSC,  as  well  as  U.  S.  Army  operators.  Twenty-four 
"F*  model  RPV  fli|dds  were  aooompUshed  widi  four  "B"  model  RPVs.  One 
RPV  loss  (RPV  OIS)  was  inourred  beosuse  of  cmerational  errors  within  the  GCS; 
however,  all-in-all  dm  B Phase  test  program  was  a great  success.  Target 
deteodon  sad  reoognidoa  fU^tte  were  oonduoted  with  both  one tahl  Used  and  sta- 
btliaed  aensors.  Resolutions  of  dm  video  and  Phase  n camera  were  evahutcd. 
Both  Rye-Sifo  and  TAG  laser  target  designadon  were  accomplished  suooeas- 
foUy  at  a range  of  20  km  from  the  groimd  control  stadon.  Scoring  of  TAG  laser 
bits  on  a target  board  was  also  acoompU^Md. 


Upon  oonotnoion  of  Hum  B*  two  U.S.  Army  orewn  were  oerttHed  to  opento 
llie  Aqniln  qmlem*  and  toero  wu  no  doidat  about  tho  woxlb  of  an  RPV  ayatem 
for  U.S.  Army  battlafleld  um.  Two  groond  oontrol  atattooa*  one  complete 
Aqnlla  ayatemt  and  nine  RPVa  wore  tamed  over  to  the  U.S.  Army  daring  Ally 
and  Aogoat  1977  for  nae  on  foe  U8AEPO  and  USAFABD  teat  programa. 
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Seotlon  I 
INTRODUCTION 


Hie  Aqulla  Remotely  Piloted  Vdilole  System  Technology  Demonstrator  (RPV- 
STD)  Program  was  undertaken  by  the  U.  S.  Army  for  evaluation  of  a potential 
battlefield  surveillance  and  target  designation  system.  Sbioe  the  hardware  was 
only  required  to  have  a limited  Ufe  - l.e. , long  enonc^  to  achieve  completton  of 
the  U.S.  Army  evaluation  tests  - there  was  no  requirement  for  a "militarized" 
system  which  could  be  repeatedly  moved  and  used  for  many  years  In  an  opera- 
tional theater. 

As  a prelude  to  the  U.S.  Army  RPV-STD  evaluation  test  programs,  a contractor- 
managed  test,  demonstration,  and  qystem  performance  requirements  validatttm 
flight  test  program  was  planned.  This  fU^^t  test  program  was  formulated  into 
two  test  phases  (A  and  B),  which  would  ultimately  demmistrate  the  degree  of 
compliance  with  the  performance  goals  established  la  the  contract  and  would 
validate  the  concepts  and  approaches  chosen. 

The  Phase  A series  of  flight  tests  provided,  initially,  the  opportunity  for  the 
oontraotor  to  refine  hardware-software  designs  and  to  oheok  out  operatlooal 
procedures  In  the  areas  oft 

e Site  setiqi 

e Prelannoh  vehicle  and  ground  stqiport  equipment  oheokout 
e Ground  station  Initialisation 
e Launcher  operation 
e Retrieval  aystem  operation 
e Radio  control  flight  operation  in  early  stages 
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• Test  crew  expertise 
s Manssl  antopllot  control 
s Automatio  waypoint  navlgatton  control 
s Approadi  giddanee 

s Search,  loiter,  and  dead  reckoidng  modes 
s RPV  aero-perfarmanoe 
s Command  and  data-Unk  performance 
s RF  system  performance 
s RPV  anUqidlot  performance 
s f^peoial  Instrumentation 
s Semiantomatic  retrieval 
s U.S.  Army  student  training 

Demonstration  and  validation  fUghta  were  scheduled  after  "debugging"  of  the 
respective  system  elements  was  complete.  Therefore,  usable  performance  data 
were  obtained  during  the  later  flights  of  the  series. 

Once  the  baalo  ^tem  elements  had  been  demonstrated  and  validated.  Phase  B 
was  entered.  These  flights  were  reserved  for  solving  any  open  test  items  Dram 
Phase  A,  for  evaluating  and  demonstrating  sensor  system  performance,  and  for 
qualifying  the  U.S.  Army  crew  members  in  operating  and  maintaining  the  Aquila 
system  elements.  During  the  sensor  qrstem  evaluatipn  phase,  maximum  utUixa- 
tlon  of  a U.  S.  Army  U-IA  Otter  aircraft  was  made.  This  aircraft  was  used 
extensively  for  RPV  and  sensor  operator  training,  software  verification,  and 
radio  frequency  system  and  data-Unk  verification  on  a low  risk  basis  prior  to 
committing  expensive  flii^t  hardware  to  an  RPV.  An  Otter-RPV  integrated  fliidit 
test  program  was  thereby  acoompUshed.  Each  of  Uie  five  sensor  types  was 
evaluated  in  fliid^t.  They  were  as  follows: 


• PiMUwin.  An  addition  to  the  Fliaae  1 sensor  -a  rate  stabilised  ll»e>of- 
ai^,  antomatlo  ll|d>^  oompensatloo,  and  contrast  centroid  antotraoker 
s ghasea  IV  and  V.  An  added  neodsrmlmn  TAG  laser  and  aelf-ereoting 
vertioal  gyro  pins  the  capability  for  burst  offset  display  (Several  onlts 
were  fitted  with  an  lye-Safe  laser  for  Initial  tests  and  training.) 

1.1  VOLUlfE  m ORGAMIZATION 

lUs  report  describes  the  flight  test  pn^^nun  as  planned  and  eseonted.  Detailed 
fll|^t-test  program  results  are  presented  In  Referenoes  1 and  2.  This  volume 
MtfrHghta  those  results  vdiile  describing  udiat  was  required  to  field  the  test 
program,  what  tests  were  performed,  what  the  objectives  were,  and  what 
problems  were  encountered. 

The  volume  Is  divided  into  three  sections  covering  the  following: 

e Section  2.  Crows  Landing  testa 
e Section  8.  Phase  A testing  at  Fmrt  Huachuca 
s Section  4.  Phase  B testing  at  Port  Huachuca 

Each  section  c<mtalns  a facility  descrlptian.  a test  hardware  desorlptlcm,  test 
objectives,  test  results,  and  summary/oonclusimis. 

1.2  ACKNOWLEDGMENTS 

Facilities  and  range  support  offered  and  available  to  Ihe  field  team  at  Fort 
Huachuca  were  very  good.  MUay  orgaataatioas  and  persons  could  be  listed  and 
fitanked  for  fiiMr  ooopsratloa  during  fiis  Phase  A and  Phase  B flight  test  pro- 
gram, but  fiM  Ust  would  bs  too  long.  However,  some  of  ihe  Indlvldaals  vdiose 
personal  interest  and  drive  oonMbnted  so  nnwh  to  ihe  suooess  of  file  project 
mnatbe  recognised.  MT.  Jbhn  fluaunera  of  fits  AVSOOM  RPV  Field  Oflioe  la 
jhaidred  for  hla  relenUsss  drive  for  completion  of  a suooessfBl  program.  He 


«munt0d»  wifli  the  he^  of  Mr.  Buny  Mhmor  and  Mr.  John  Veaoo,  for  all 
faoiUtte0»  eqaipmept,  tranaportatiion,  camera  coverage,  military  anpport,  etc. 
Mr.  Morray,  the  Assistant  to  the  Ckrotraoting  OfDoer  Tedudoal  RepMseniative 
(ACX>TR)  from  foe  Eostla  Dlreotorate,  is  foariced  for  his  cooperation,  advice, 
and  ooordinatloa  on  foe  fli|ht  test  loogram.  Mr.  Vesoo  is  an  extremely  co- 
operative and  effective  indtvidnal  and  he  is  to  be  commended  tor  his  efforts  in 
providing  materials,  facilities,  sorveys,  etc.  Mr.  Marshall  Bryan  of  foe 
Range  Operatloos  brandi  of  foe  USAEPG  is  also  foanked  for  his  cooperation  in 
edhednling,  and  seeminid7~>Mver-«iding  rescheduling,  fllifot  test  '*«indow8'' 
for  foe  Aqpila  program  between  higher  priority  fliffot  test  programs. 

LM8C  is  grateful  to  foe  U.S.  Navy  for  its  support  during  foe  flight  test  phase  at 
foe  Crows  Tending  Naval  Auxiliary  Tending  Field,  California. 


SeotlOB  n 

PHASE  A TESTING  - CHOWS  LANDING 

The  basic  objectives  of  Oie  fli|^  tests  at  Crows  T-imiHwg  were  threefoUt 

a Verily  (be  airworttiiiiess  of  Ube  HPV 
' a Verify  performance  of  autopilot  guidance 

a Verify  integration  of  the  RPV  and  GCS 

The  flii^t  tests  commenced  on  1 December  and  concluded  on  17  December  1975, 
wiSi  a total  of  six  suooassfol  flints.  There  were  no  aircraft  losses.  To  vary- 
ing degrees,  each  ci  the  objectives  was  met,  and  several  required  design 
I changes  were  identified  and  incorporated  prior  to  the  series  of  automatic 

launchings  and  reooverlaa  scheduled  for  Fort  Huaohuca. 

» 

i 

I 2.1  FACIUTY 


{ 


r 


( 


The  Crows  Landing  Naval  Auxiliary  Landing  Field  near  Patterson,  California, 
was  used  for  Uie  first  flight  tests  for  several  reasons: 

a Short  siqiply  line  to  the  LMSC  Sunnyvale  plant 
a Available  runway  with  low  volume  of  air  traffic 
a Adequate  airspace  and  clear  terrain 

Figure  1 is  a plot  Uqrout  of  the  Crows  Tiandlng  Naval  Auxiliary  TjMwiing  Field  and 
shows  the  orlentatian  of  the  two  runwiyg,  the  three  planned  RPV  flight  courses, 
die  Aquila  launch  area,  and  die  location  of  die  line  shack  used  for  RPV  mainten- 
ance. Figure  2 is  a photognqdi  of  the  line  shack  and  RPV  checkout  area. 

Figure  3 is  a photograph  of  die  RPV  with  the  trickle  landing  gear  on  the  run- 
wagr. 
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2.2  HARDWARE  DESCRIPTION 


As  diowB  in  Figure  3,  flie  RPV  uns  equipped  wKfa  a trtosrole  landliig  gear  for 
radio  control  takeoff  and  landing  on  tlie  runway.  The  addition  of  this  landing 
gear  necessitated  removal  of  the  trailing  hook  assembly,  die  pajdoad  dome,  and 
die  payload  protector,  boorporated  into  die  RPV  was  a full  radio  control  (RC) 
fU^t  mode  for  pre-OCS-integration  fli|^  tests.  LMSC's  RC  consultant  was 
Mr.  Gary  W.  Korpi,  who  flew  all  of  the  Crows  Ijandtng  and  Fort  Huachuoa  RC 
flints,  and  did  an  exemplary  Job.  The  retrieval  anb^stem  was  not  present  at 
Crows  TitiwMfig  but  was  initially  Integrated  into  die  system  at  Fort  Huachuoa, 
Axlsona.  One  attempt  to  utilixe  die  lauadier  at  Croars  Landing  failed,  when  the 
solenoid  valve  would  not  disengage  the  shuttle  release  latch.  On  several  flints, 
a hand-held  horn  antenna  in  lieu  of  die  autotraok  nystem  was  used  to  maintain 
data-link  integrity. 

2.3  TEST  APPROACH/PLAN 

The  test  approach  taken  during  Phase  A was  to  accomplish  verification  of  sys- 
tem attributes  in  a logical  sequence.  Ihis  included  RPV  autopilot,  RPV  air- 
worthiness, and  GCS  software  elements.  Table  1 shows  a scorecard  of  the 
planned  fUi^t  test  objectives  versus  die  fli^t  test  objectives  accomplished. 

The  test  mediod  called  for  takeoff  from  the  runway  under  RC  control  at  approod- 
mately  93  km/h  (50  knots),  followed  by  a climb  to  die  test  operating  altitude, 
minimum  150  m (500  ft)  AGL,  and  a transfer  to  the  manual  mode.  The  RPV 
operator  in  die  GCS  would  dien  Oy  fte  intended  fli^t  plan,  wldi  the  RC  pilot  as 
a backup.  As  Aown  in  Figure  1,  the  maximum  distance  on  any  of  die  diree 
flight  courses,  ftrom  die  RC  pilot  to  dm  RPV,  was2, 000m  (6,500  ft),  well  widdn 
his  visual  range.  I^poA  oragdetlon  of  the  flight  plan,  the  RPV  was  to  be  landed 
by  the  RC  pilot.  . ^ 
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TABLE  1.  CROWS  LANDING  FLIGHT  TEST  PROGRAM 
OBJECTIVES  SCCAECARD 


Objectives 

Flight 

1 

2 

3 

4 

5 

6 

RPV  Airworthiness  (Performance) 

^^eed 

X 

e 

CUmb/descent 

e 

e 

e 

X 

X 

Autopilot  (Flif^t  Control) 

Heading  rate 

X 

e 

e 

e 

e 

e 

Airspeed 

X 

X 

e 

e 

e 

Altitude 

X 

e 

e 

e 

e 

Pitch  rate  (short  period)  damping 

X 

e 

e 

e 

e 

e 

Fhugold  damping 

X 

e 

e 

e 

e 

e 

Data-Unk  Performance 

e 

e 

e 

e 

e 

e 

Waypoint  Guidance 

X 

X 

X 

e 

Loiter  Performance 

X 

KEY: 

X Objective  planned  but  not  evaluated, 
e Objective  planned  and  evaluated. 


Automatic  launch  and  semiautomatic  recoveiy  were  not  planned  becanae  of  ex- 
pected unavailability  of  that  hardware.  The  launcher,  however,  beoameavailable 
for  a seventh  flii^t  at  Crows  lending  but  malfanctioned  as  previously  mentioned. 

2.4  SUMBCART  OF  CROWS  LANDINO  FUGHT  TESTS 

lUs  seotloB  summariaes  eadi  of  foe  Crews  Flii^t  Tests,  from  1 to  17 

December  1975. 
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2.4.1 


r 


Aq^lla  KPV  001  took  off  at  09:42,  1 December  1975,  trcm  Crows  Tjmding  run- 
way 35.  Hie  total  flight  time  was  1 min  43  sec.  The  primary  objectives  of  the 
fU|^t  were  to  evaluate:  (l)RPV  maneuvering  capability  and  airspeed,  (2)  autopilot 
heading  rate,  pitch  rate,  and  phugold  damjdng  loops,  and  (3)  operational  flight 
test  of  the  data-Unk  system. 


The  RPV  takeoff  speed  was  93  to  96  km/h  (50  to  52  knots)  after  a takeoff  roll  of 
approximately  210  m (700  ft).  The  vehicle  was  in  the  RC  mode  and  performed  a 
climbing  left-hand  turn  to  an  altitude  of  120  m (400  ft).  During  both  takeoff  and 
oUmbout  sequences  there  were  Intermittent  data-llnk  losses.  At  36  sec  into  the 
flight  the  data  link  was  lost.  The  RPV  went  into  the  link-loss  mode.  As  pro- 
grammed, it  started  a rlf^t  turn.  However,  the  turn  was  level,  not  according  to 
the  programmed  climb.  At  a flight  time  of  1 min  7 sec  (31  sec  after  link-loss 
mode)  initiation  of  engine  shutoff  occurred.  At  this  point  the  RPV  was  parallel 
to  runway  17.  Control  was  shifted  to  the  backup  omnidirectional  antenna,  and 
RC  control  was  established.  A dead-stick  landing  was  accomplished  on  runway 
17.  The  RPV  was  not  damaged  in  the  landing.  The  data-llnk  performance  ob- 
jective was  partially  met.  All  other  objectives  were  not  evaluated  because  of 
shortness  of  the  flls^t. 


( 

t 


i: 

I 

i 

I 

I 

1 


2.4.2  Fll{^t2 

Aquila  RPV  001  took  off  at  16:28,  12  December  1975,  from  Crows  TjnwHwg  Rnn- 
wiqr  30.  The  total  flight  time  was  11  min  50  sec.  The  primary  objectives  of  the 
fli^t  were  evaluation  of  the  following: 

• Aerodynamic  stability 

• Autopilot  heading  loop,  pitch  rate  (short  period)  damping,  and  phugold 
damping  loops 

• Engine  performance 

• Data-llnk  (Operation 
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The  RPV  takeoff  speed  was  93. 7 km/h  (SO  knots)  after  a takeoff  roll  of  approxi- 
mately 180  m (600  ft).  Hie  RPV  climbed  to  335  m (1, 100  ft)  where  a right-hand 
racetrack  of  1, 830  by  610  m (6,000  by  2, 000  ft)  was  established.  The  RC  pilot 
flew  the  first  orbit  of  the  racetrack.  He  found  (hat  the  RPV  was  difficult  to  trim 
for  straigtht  and  level  flight  because  of  a slightly  insufficient  negative  eleven  con- 
trol. During  this  orbit  the  RC  pilot  executed  gentle  turns,  climb,  and  dive  ma- 
neuvers. The  autopilot  tests  were  then  initiated.  The  RPV  was  landed  in  the 
RC  mode.  All  of  the  objectives  of  the  flight  were  attained. 

2.4.3  FUght3 

Aquila  RPV  001  took  off  on  16  December  1975.  The  flight  time  was  13  min,  42 
sec.  The  primary  objectives  of  the  flight  were  to  evaluate  the  autopilot  air- 
speed, heading,  pitch  rate,  and  phugoid  damping  loops. 

After  takeoff  and  cUmbout,  a brief  checkout  was  made  of  altitude,  heading,  and 
pitch  rate  loops  before  engagement  of  the  phugoid  damping  loop.  Approximately 
one  orbit  of  the  test  racetrack  was  completed  when  the  engine  began  erratic  be- 
havior. The  test  was  terminated  and  the  RPV  landed  in  the  RC  mode.  Because 
of  the  engine  problem,  flight  objectives  were  only  partially  met.  The  engine 
problem  was  found  to  be  hiel-line  air  leakage  at  the  carburetor. 

2.4.4  Fll^t4 

Aqnila  001  took  off  on  Flight  4,  50  min  after  the  termination  of  Fli{^t  3,  on 
16  December  1975.  The  flight  time  was  15  min  20  sec.  The  primary  objectives 
of  the  fll^t  were: 

• Evaluation  of  the  engine  repair  as  a result  of  Flight  3 

• Evaluatitm  of  the  antopilot  heading  rate,  airspeed,  altitude,  pitch  rate 
and  phugoid  damping  loops 
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Alter  takeoff  and  oUmbant,  a xacetraok  pattern  was  established.  Ibe  previously 
bhecked  loops  were  verified  and  the  phugcdd  damping  loop  was  evaluated  on  the 
first  fiiree  orbits.  The  airspeed  loop  was  evaluated  during  the  remainder  of  the 
BPV  recovery  was  made  in  the  RC  mode. 

2.4.5  Flints 

Aqnila  RPV  001  was  flown  for  the  third  time  on  16  December  1975.  The  total 
fligd^t  time  was  27  min.  Primary  fU^t  objectives  were  as  follows: 

a Autopilot  altitude  loop  evaluation 
a Full  autopilot  control  response  in  manual  mode 


The  RPV  took  off  and  was  flown  to  the  fU^t  test  altitude  in  the  RC  mode.  Ibe 
autopilot  airspeed,  heading,  and  phugoid  damping  modes  were  engaged  briefly. 
The  autopilot  altitude  loop  was  then  engaged  and  operated  nominally.  The  RPV 
was  then  flown  in  the  full  autopilot  and  manual  modes  for  approximately  4 min. 
Recovery  was  in  the  RC  mode. 


2.4.6  Flight  6 

Aiquila  RPV  001  was  flown  for  20  min  8 sec  on  17  December  1975.  Hie  primary 
objectives  of  the  final  test  flight  at  Crows  Landing  were: 

• Evaluation  of  RPV  performance  in  die  tally  autopilot  mode 

• Evaluation  of  waypoint  navigation 


The  RPV  was  flown  to  the  test  altitude  in  die  RC  mode.  It  was  then  flown  for 
several  oiMts  of  the  racetrack  pattern  in  the  manual  autopilot  mode.  The  RPV 
was  dien  positioned  for  flight  in  the  waypoint  guidaaoe  mode.  On  engagement  of 
waypoint  guldanoe,  it  immediately  entered  a doable-standard  right  turn.  The 
RPV  was  reposlttoned,  via  manual  antt^lot  ocotroil,  for  wiqrpoint  navigatton. 
Again  die  RPV  entered  a double-staadard  riid^t  turn  on  engagement  of  waypt^t 
navigation.  The  fli^t  test  was  terminated  and  die  RPV  landed  la  the  RC  mode. 


2.S  SUMMARY  AND  CONCLUSIONS 


i 

i 


I 

I 


During  the  six  successftil  flights  at  Crows  Landing,  the  following  specific  obJec> 
tives  were  accomplished  in  the  areas  indicated: 

• RPV  airworthiness.  Validated  basic  flif^tworthiness  with  limited  ftmo- 
tional  and  performance  data,  including  speed,  maneuvering  capability, 
and  rate-of^limfa/descent  measurements 

• Autopilot  guidance.  Completed  checkout  of  heading  rate,  airspeed, 
altitude,  pitch  rate  damping,  and  phugoid  damping  fl4d>t  ccntrol  loops 
In  the  autopilot 

• RPV-GCS  intqcrattoa.  Validated  basic  system  oompatiblity  on  the 
basis  of  data>llnk  performance  (omnmand,  telemetry,  and  video  links), 
RPV  fUffiit  under  auto  and  manual  autopilot  control,  and  partial  evalua- 
tion of  waypoint  guidance 


Completion  of  waypoint  navigation  validation  and  planned  evaluation  of  loiter 
flight  performance  were  delayed  pending  transfer  of  flight  operations  to  Fort 
Huschuca. 


fo  conclusion,  the  general  airworthiness  of  the  RPV,  the  integrity  of  Uie  RPV- 
OCS  Interface  and  the  autopilot  fonotianal  c^>ability  had  bemi  evaluated  and  qual- 
itatively validated.  The  flight  space  limitations  at  Crows  Landing  made  aohieve- 
ment  of  quantitative  data  difficult.  It  was  decided  to  move  the  fliid^t  test  aotivltleo 
to  the  U. 8.  Army  Electronic  Proving  Ground,  Fort  Hnadiuoa,  Arlsona,  since 
Fort  Huadmoa  offered  the  air  space  required  to  obtain  quantitative  data  of  RPV 
performance  and  waypoint  navigation,  and  to  validate  laundi  and  recovery 
tedndquea. 
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Section  in 

PHASE  A TESTING-  FOBT  HUACHUCA 

Based  on  Ihe  experience  gained  at  Crows  Landing  in  regard  to  operational  fvo-  | 

cedures  and  the  nutfturity  of  the  hardware  and  software,  it  was  decided  that  a 

deviation  from  the  original  flight  test  plan  was  necessary.  Accordingly,  flic^t 

test  planning  was  changed  to  a flig^t-by-fli{^t  basis  rather  than  adherence  to  { 

the  rigid  plan  previously  outlined.  The  objectives  for  a fli{^t  in  diis  mode  were  | 

flexible  and  were  based  upon  die  accomplishments  of  previous  flights.  The 

generally  {danned  test  sequence  called  for  evaluation  of  RPV  airworthiness, 

RPV  aidopilot  control  loops,  radio  control  flight,  launcher  operations,  ground 
control  station  operations,  datarlink  performance,  manual  autopUot  control,  I 

waypoint  guidance  control,  loiter,  search,  aircraft  performance  (climb,  de- 
scent, altitude,  etc.),  automatic  ai^roach,  recovery.  Army  crew  training,  and 
dead  reckoning.  As  the  software  matured  and  problems  were  resolved,  the 
flight  tests  progressed  through  the  list  of  general  objectives.  I 

3.1  FACIUTY 


The  Fort  Hoaohuea  Military  Reservation  is  divided  into  two  usefiil  range  areas 
for  RPV  or  drone  test  flints.  The  east  range,  used  quite  often  for  artillexy 
praotioe,  contains  a spatial  resolution  target  for  airborne  optloal  system  evalu- 
ation and  oonsisto  of  approxiinately  115  km^  of  range  at  an  average  altitude  of 
4,300  ft.  The  terrain  is  flat  or  gently  sloping  downward  toward  die  east,  and 
is  sparsely  oovered  with  brush  and  4-  to  8-ft  trees.  There  are  adequate  dirt 
roads  for  access  to  all  areas  of  the  range,  and  ample  survey  points  of  known 
coordinates  and  altitude.  Walkie-talkies  must  be  used  for  communications  on 
the  east  range.  This  raiw«  can  be  seen  from  a great  portion  of  the  west  range. 
The  FPS-16  traddng  radar,  located  on  die  west  range,  has  a direct  line  of 
sight  to  all  of  the  east  range.  Entry  to  die  east  range  tqr  RPVs  is  restricted 
to  a 1-km  wide  corridor  that  is  located  2-km  nortii  of  libfay  Arnay  Airfield. 
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The  west  range  oonslets  oi  approximately  87  km^  of  land  witti  airspace  useftil 
for  RPV  testlag.  The  terrain  is  generally  rolling  hills  with  an  average  altitude 
of  4, 800  ft.  FCrt  Boaohuea  possessee  airspace  rights  b^nd  the  west  range 
boundary,  where  there  are  mostly  private  lands.  The  soudiem  edge  of  the  west 
range  is  bounded  by  the  Huachuca  Mountains,  which  peak  at  an  elevation  of 
approximately  6,000  ft.  The  terrain  is  predominantly  clear  of  brush  and  trees. 
There  are  adequate  dirt  roads  for  access  to  all  areas  of  the  range,  and  ample 
survey  points  of  known  coordinates  and  altitude.  Communications  on  foe  west 
range  were  arranged  through  Range  Operations,  and  consisted  of  conunercial 
walkie-talkies. 

Generally,  the  weafoer  and  flying  conditions  at  Fort  Huachuca  are  very  good. 
\lsibility  la  usually  at  least  SO  mi.  The  rainy  season  occurs  during  July  and 
August;  however,  showers  can  occur  later  in  foe  year.  Generally  all  rain 
storms  are  also  electrical  storms.  Because  of  foe  open  terrain,  hills,  and 
high  spring  and  summer  temperatures  of  60*F  to  100*F,  there  are  many  days 
with  signiQosnt  winds.  The  strongest  wind  season  Is  during  foe  first  half  of 
foe  year,  but  winds  can  be  present  any  day  of  foe  year,  to  some  extent.  Usu- 
ally, foe  winds  on  foe  west  range  are  under  20  km/h  and  are  from  foe  west. 
Gusts  of  5 to  10  km/h  are  not  unusual.  On  many  occasions,  wind  direction  has 
shifted  180  deg  daring  a 2-hr  flight  pwiod.  Temperatures  during  foe  winter 
monfos  can  drop  to  30*F. 

Access  to  Fort  Huachuca  by  civilians  is  controlled  and  can  be  arranged  through 
foe  post  security  organization. 

Figures  4(a),  (b),  and  (c)  are  topograifoio  maps  Fort  Huachuca,  which  show 
the  relative  layout  of  foe  east  and  west  ranges  wifo  respect  to  the  cities  of 
Huachuca  City  and  Sierra  Vista.  The  site  areas  used  during  Phase  A fHght 
testing  are  marked  on  Figure  4 as  I,  foe  RPAODS  area;  and  n,  foe  Gtjroamore 
Canyon  area.  For  foe  first  9 monfos  of  fliifit  testing,  foe  RPAODS  area  near 


Libby  Army  Airfield  mis  utilized.  Daring  die  early  Phase  A fli|^ts,  where 
wiMrtmtifw  range  from  the  ground  control  staticm  was  not  an  objective,  die 
RPAO06  area  afforded  the  optica  of  eidisr  easterly  or  westerly  flints.  To- 
ward die  east,  a distance  of  approodmately  15  km,  and  toward  dw  west,  spproK- 
inoately  8 km,  was  available  to  (be  reservation  boundaries. 

Tbe  RPV  test  sits  at  dm  RPAOD6  area  was  flat,  and  was  located  at  the  west 
edge  of  a I,0<10-ft  long  asphalt  covered  east-west  runway.  The  recovery  art 
was  oriented  along  an  east-west  line.  A shorter  military-type,  metal-seotlon 
runway  eztends  in  a north-south  direction  and  is  adjacent  to  (be  asphalt  runway 
at  the  east  end  in  an  L-shaped  fiishion.  Figure  5 is  a pltotograph  of  tbe  RPAOD6 
area  showing  die  work  building  in  the  foreground  and  the  RPV  site  at  die  far  end 
of  the  runway.  Figure  6 is  a fdiotograidi  showing  tbe  early  1976  alto  area  widi 
die  hook-type  recovery  system  and  a badogi  retrieval  qrstem,  which  ultimatoly 
was  not  required. 

During  Ootaiier  1976,  die  RPV  test  site  was  moved  to  (be  dToamore  Canyon 
area,  vdiere  a greater  onpost  distance  could  be  achieved  for  RPV  fUi^ta.  This 
site  was  located  near  die  north-west  boundary  of  die  post  near  tbe  Drone  Test 
FItollity.  The  terrain  at  S^yoamore  Canyon  is  rolling  hills  wldi  an  increasing 
average  elevation  at  die  south  and  soudiwest  sections  die  west  range.  The 
RPV  site  was  located  at  survey  point  BLACK,  approodmately  one-half  mile 
north  of  dw  Drone  Test  Facility. 

The  malntenanoe  building  <Ifo.  11660)  was  made  available  to  UiSC  and  was  far 

sspsrlor  to  lha  buildiag  mads  avaddde  at  ths  RPAOD6  area.  The  maiatenanoe 

hnlldbig  is  located  wMhia  a taurgs  compound  with  tm>  smaller  buildhigs,  one  oi 

uidte>«as  mmlMito  te  stoocaga.  The  oosopouad  is  luin  snoU|^  for  aU  of  ffw 

Cara  Indian,  gsnaralpns  ate.  Wast  of  tea  ewnpound  ii  a oanerOte 

hiUtig^prifdi Site hiynnd teat  is  aeanyon.  laaur  berasWhttng te#a  rtaa  1 tea 

te  tea  weal  was  aeoeaiawdated  aauiral  Itaaas  Aram  tea  laieopter  pate  '-fit 

2 

matntenaaos  buildiig  contains  approodmately  9, 700  ft  of  floor  teaoe  with  bay 
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doors  hi^  enou^  to  acoommodate  a launcher  vehicle  or  GCS  (without  autotrack 
antenna  attache^)*  Spaces  were  available  for  offloea,  electronics  shop,  parts 
storage,  or  even  classroom  aottvitles.  The  central  hi|^  bay  area  consists  of 
approximately  two-thirds  of  the  total  floor  space.  This  area  was  used  for  RPV 
assembly  and  oheokout,  GCS  modifications,  and  launcher  maintenance.  A 
common  restroom  facility  is  available.  The  building  also  contains  hot  water, 
an  air  comimessor,  ample  Ui^ting,  and  115  V,  60  Hz  power. 

3.2  HARDWARE  DESCBIPTION 

After  the  fli|^  test  series  at  Crows  Landing,  RPV-OOl  was  returned  to  ihe 
LMSC  Sunnyvale  plant  for  removal  of  the  landing  gear  and  addition  of  the  hook 
assembly,  solenoid,  payload  protector,  akeg  pin,  and  ballast.  Not  all  of  foese 
modifications  were  completed  when  the  aircraft  was  delivered  to  Fort  Huachuca 
early  in  January  1970.  A piggyback  TM  system  was  part  of  the  early  RPV 
flight  equipment  because  additional  RPV  status  data  channels  were  required 
for  evaluation  of  autopilot  performanoe.  Cheokout  of  the  RPV  was  laborious 
for  toe  first  few  weeks  because  of  toe  suitcase  tester's  inability  to  check  all 
desired  Interfaces  and  its  Inomnplete  readout  of  PROM  programs.  Autopilot 
loops  were  ohe<dDed  by  injection  of  known  voltages  into  toe  flight  control  package 
via  harness  breakout  bona  and  by  monitoring  RPV  responses  and  breakout 
signal  levMs.  Special  oheokout  procedures  were  prepared  for  this  activity.  In 
some  oases  the  GCS  was  used  to  aagmMt  RPV  oheokout.  During  March  and 
April,  prooednres  were  prepared  for  utiHaatlon  of  the  snitoaae  tester  for  RPV 
chedraut,  and  programmiag  of  PROlfo  was  eompleted.  A Sooy  TV  was  installed 
in  RPVs  001,  006,  and  007  for  toe  initial  flights  at  Fort  Huaohnea.  nase  I 
unstabUized  ssasers  were  Installed  in  RPVs  002,  003,  and  004.  C-band  bsacoaa 
for  range  radar  traddag  were  snpplied  by  Range  Operations  and  wore  installsd 
in  toe  RPVs  toroughout  toe  flight  last  program. 

GC8-002  was  installed  on  a 2-1/2  ton,  QFE  army  truck,  and  was  parfcsd  at  the 
west  end  of  the  RPAOD6  east-west  runway.  The  autotraok  antenna  and  weatoer 


statton  were  inetelled  at  Fort  Hoaohuoa;  however,  initially  there  was  only  a 
high  gain  antenna  with  its  narrow  pencil  beam  restrictions.  A hand-held  horn 
antenna  with  renootely  activated  coaxial  switch  was  included  on  die  top  of  the 
GCS  for  flints  at  elevation  angles  greater  than  10  deg.  A special  test  board 
was  installed  in  the  GCS  Eleotronlos  Interface  Unit  to  allow  selection  by  die 
RPV  operator  of  certain  autopilot  loops  and  fUt^t  modes. 

The  radio  control  (RC)  pilot  carried  a modified  Kraft  radio  control  box  diat 
was  hardwired  to  the  GCS.  The  box  provided  override  capability  so  diat  con- 
i trol  of  the  RPV  could  be  taken  over  at  the  flip  of  a switch.  The  GCS  uplink  was 
used  for  RC  and  GCS  generated  commands  to  die  RPV. 

i 

i 

Isuincher  02  was  to  Fort  Huachuca  from  Crows  Landing.  Mtially,  the 

shuttle  velocity  measuring  equipment  was  incomplete  but  was  later  revised. 
The  launcher  was  otherwise  complete  to  die  design  maturity  of  diat  date.  At 
I diat  time  the  design  did  not  require  a permanmitly  mounted  blower,  lanyard, 
or  dryer.  Slnittle  shots  had  been  accomplished  at  the  LBISC  Sunpyvale  plant. 

At  Fort  Huachuca,  the  launcher  was  retested  by  firing  (dry),  shuttle  shots  and 
thm  blivet  shots.  (The  blivet  was  a flat  metal  plate,  with  skeg,  of  the  same 
weight  as  a U|ht  RPV.)  The  blivet  was  launched  with  various  pressures.  Dls- 
j tance  to  impact  was  measured  and  compared  with  theoretioal  pressure  and 
j weii^t  tables. 
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The  retrieval  system  was  shipped  to  FOrt  Huachuca  from  All  Amerioan  Engi- 
neering Co.  and  was  ereeted  at  the  RPAOOS  test  site.  Flights  7 through  14 
(Fillet  7 was  the  first  flif^t  at  Fort  Huadiuca)  utiliaed  the  original  horizontal 
arrester-line  array  at  ^ horiaontal  parallel-strap  net.  The  RPVs  contained 
a deployable  tall  hocdt  to  engage  the  arrester  fines  daring  retrieval.  Start- 
ing widi  Ffi|^  15  die  vertloal  barrier  retrlevil  gystem  without  arresteir  lines 
and  RPVs  althoat  hoohn  word  evakiatsd.  Flgoree  7,  8,  tad  9 are  phi^tograirilis 
of  dw  arreeter-line  horiaontal  retrieval  systems  widi  energy  absorber.  Fig- 
ure 10  is  a sketch  of  dm  RPV  with  the  hook  asseiidt»]y  deployed  prior  to  engage- 
ment. (Refer  to  Volume  n.  Section  5.4,  Retrieval  Ss^tem  Evolution.) 


GFE  30  kW  and  45  kW  trailer-mounted  generators,  with  fuel  pod,  supplied  3- 
phase , 115  Vac  power  to  the  GCS  and  launoher.  Two  generators  always  were 
required  to  be  online  for  RFV  fUi^ts.  One  generator  was  dedicated  to  die  GCS 
air  conditioner  and  (he  other  to  the  GCS  equipment  and  launoher.  All  loads 
could  be  switched  onto  and  carried  by  (»e  generator  In  case  of  a generator  fail- 
ure during  flight. 

LMSC  prcwlded  an  Instrumentation  van  wldi  a data  magneitle  tape  xeootdpr  and  a , 
seieotible  8-ehannel  chart  recorder.  This  equipment  facilitated  nqdd  flight 
anatyses  and  real-time  in-fli^t  support. 


S.3  TEST  APPfiOACq/PLAN 


In  pnparation  for  the  flight  test  program  at  Fort  Huachuca,  an  operational  test 
plan  evolved.  This  fUi^t  test  program  was  structured  into  two  series: 

e Design  validation  tests.  These  were  to  be  performed  by  the  oonbractor 
to  verify  that  system  perfornumoe  met  design  specifioations.  These 
tests  were  to  provide  early  Identlfioation  of  potential  problems  and  to 
establldi  reqpiirements  for  rework  and/or  retest  prior  to  the  system 
validation  tests. 

e System  validation  tests.  These  were  to  be  performed  by  the  con- 
txnctor  to  demonstrate  to  the  U.  S.  Army  that  performance  of  the 
Aquila  system  was  in  compliance  with  military  requirements. 

Both  the  design  validation  tests  and  the  system  validation  tests  were  to  be  struc- 
tured into  five  test  phases.  Hie  test  objectives  were  the  same  for  both  teat 
series  except  that  the  purpose  in  the  first  case  was  for  U.  S.  Army  operator 
ejqpertenoe  and  contractual  requirement  demonstration.  These  phases  and 
objectives  were  as  follows: 
e Phase  1 

- Aircraft  fU^t  characteristics  and  performance 
— Autopilot  performance 

— Data  link  and  command  control 

-*  Senaor  real-time  TV  surveillanoe  oiqiability 

- Launch  system  performance 

- Retrieval  system  performance 

*-  Operational  teohniqsea  and  procedures 
Training  techniques 

- Assembly  and  oheokout  prooedores 

- Maintenance  and  repair  procedures 
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1 .1. 1 iiiiiiiPfiipncniipiHiqiiiip 


• Phase  n 

— Photogn^phlo  oamera  oapabilltles  and  pexformanoe  In  reconnaissanoe 
mtsalons 

Operational  techniques  related  to  photographic  reconnaissance 
missions 

• nwsein 

- Aerial  system  target  detection  and  identifioation 

- Autotrack  pexformanoe 

-*  Operational  techniques  related  to  target  detection,  identification,  and 
tracking 
e Phase  IV 

- Laser  range  finder  performance 

- Target  acquisition  performance 

- Navigation  accuracy 

- Target  location  accuracy 

~ Axtillexy  fire  adjustment  evaluation  and  operational  techniques 
s Phase  V *-  Laser  designation  pexformanoe  and  operational  techniques 

The  design  validation  test  series  was  planned  for  a 6-month  duration  with  the 
system  validation  test  series  starting  2 months  after  the  start  of  the  design 
validation  test  series.  The  2-month  lead  was  to  provide  time  for  corrective 
action  and  procedures  preparation.  This  plan  was  in  effect  when  114^  test 
operations  began  in  January  1976  at  Fort  Huachuoa.  Adherence  to  that  plan  and 
schedule  deteriorated  over  the  following  4 months  because  of  aircraft  losses 
fiiat  resulted  from  a variety  of  hardware  and  operational  deficiencies.  Fli^t 
operations  were  terminated  by  direction  of  the  Army  after  a total  of  seven 
flights  at  Fort  Huachuoa  vhen  the  sizdi  RPV  was  lost  on  28  April  1976.  On 
4 Mty  1976,  tihe  contractor  was  directed  to  enter  into  an  Indeptt  system  reli- 
ablllQr  improvement  program,  which  involved  hardware,  software,  and  opera- 
tional procedures.  Vohimr  U,  Seotimi  2. 5,  l^tem  ReliabiUty  Improvement 
Program,  outlines  fids  4-monfii  effort,  which  also  included  the  addition  of  a 
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parachute  badcup  recovery  eyatem  to  me  RPVs.  Reference  1 deacribea  the 
parachute  ayatem. 

During  auapenaion  of  flight  teat  activity  at  Fort  Huaohuoa,  a thoroui^  review 
waa  alao  made  of  the  acope,  Intent,  and  objectivea  of  the  remaining  RPV-GCS 
development  ayatem  validation  flight  teat  efforta.  Concern  waa  e]q»reaaed  for 
a fUi^t  test  plan  that  would  provide  the  following: 

e Rationale  for  the  requlrementa  of  each  flight  aiai  the  "building  blo<di" 
logic  that  relatea  each  flight  to  aubaequent  flii^ta 
e Elimination  of  reliance  on  a 100-pexoent  program  auooeaa  approach  fcy 
providing  repetitive  and/or  redundant  flight  (fojeotlvea,  where  feaaiUe, 
wtttiout  penalty  to  other  objeotivea;  furtimr,  to  provide  for  contlngenoy 
fll|^  to  cover  ohangea  in  the  acope  of  requlrementa  and  to  oover 
fli|^  in  which  olroumatanoea  prevented  accompliahment  of  requlre- 
menta 

The  Aqulla  Ssretem  Validation  Flight  Teat  Plan,  EM  No.  5583-50,  dated  30  July 
1976,  Appendix  A,  waa  prepared,  and  it  aooompliahed  all  theae  objeotivea.  A 
li-fllght  program,  including  4 planned  contingency  flli^ta,  waa  planned,  and  la 
ahown  In  Figure  13  of  that  teat  plan.  Ihat  document  alao  indicated  three  i^iaaea 
to  the  new  validation  program: 

e Phase  A 

— Software  completion  and  mission  performance  in  the  areas  of  way- 
point  guidance,  mission  navigation,  RPV  InitlallaatiGn,  approach 
guidance,  search,  loiter,  dead  reckoning,  etc. 

~ Launcher  validation 

- Retrieval  validation 

- RPV  performance 

- Data  link  validation 


(1)  LooMieed  Miaailea  k kfitm  Oonvaay,  hio. , 
CDRL  AOOD.  Paradiute  Ayatem  Developme 
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-*  Ground  control  station  validation 
- Procedures  validation  and  LMSC  test  team  qualification 

• Phase  B - Sensor  mission  validation 

• Phase  C-V.8.  Army  training  and  flight  demonstration 

As  can  be  observed,  there  were  no  longer  separate  series  of  contractor  design 
validation  tests  and  government  system  validation  tests.  They  were  combined 
into  one  flii^t  test  program.  Ultimately,  the  Phase  C U.  S.  Army  training  and 
fll^t  demonstration  tests  were  consolidated  into  the  Phase  A and  Phase  B 
fl4^t  tests.  On  25  August  1976,  the  contractor  unsuccessfully  attempted  to 
resume  fli|^t  testing  (Flight  14A).  A premature  release  of  the  RPV  by  the 
launcher  during  the  launch  cycle  resulted  In  the  loss  of  RPV-008  without  the 
aircraft  ever  having  been  airborne  under  its  own  power.  During  the  following 
three  weeks,  modifloatlons  were  made  to  the  launcher  (refer  to  Volume  D, 
Section  S.3.4,  Launcher  Evolution,  for  technical  details  of  the  problem  and 
fixes).  The  contractor  again  resumed  flight  testing  on  IS  September  1976 
(FUfi^t  14)  with  toe  RPV  hook  assembly  and  arrester- line  horizontal  net  con- 
figuration. That  retrieval  attempt  was  unsuccessful  and  resulted  in  adoption 
of  the  vertloal  ribban  barrier  eystem  for  all  subsequent  flights.  The  Phase  A 
flight  test  program  concluded  on  29  February  1977  with  Fli|^t  37.  Only  one 
RPV  was  lost,  and  that  loss  was  attributed  to  a procedural  error  and  brokm 
wire  at  the  RC  pilot's  control  box.  U.S.  Army  operators  from  Fort  Sill  par- 
ticipated in  on-the-Job  training  in  all  facets  of  flight  operations  starting  in 
December  1976.  Ei|hl  additional  flights  were  flown  through  23  F^ruary  1977 
for  addlttonal  crew  training  and  resolution  of  a few  open  items  In  the  Phase  A 
test  series. 

During  the  course  of  flight  test  operations  at  Fort  Huachuoa,  several  special 
test  support  functions  were  provided. 

Early  in  toe  test  program,  an  RC  pilot  controlled  the  RPV  In  fli|hl«  until  trans- 
fsr  to  As  RPV  operator  inside  As  GCS  ooukl  be  aoooiuplialied.  However,  As 
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RC  pilot  retained  override  oi^iablllty  and  was  able  to  take  back  control  of  the 
RPV  In  case  of  ayatem  proUema.  The  only  funotlona  provided  In  the  RC  mode 
were  rpm  control  and  elevon  control  (up,  down,  right,  and  left).  For  retrieval, 
the  RC  pilot  waa  poaltioned  approximately  100  ft  behind  the  retrieval  net.  A 
aighting  atand  waa  uaed  for  glide  slope  orientation.  Generally,  the  RC  pilot  waa 
aUe  to  maintain  the  RPV  on  a 2-  to  4-deg  descent  angle.  Aa  a result  ai  the 
system  reliability  improvement  program,  an  augmented  RC  mode  was  inrovlded, 
which  gave  the  RC  pilot  the  advantage  of  several  autopilot  control  lo<q>s.  These 
lo<^  assisted  the  pilot  in  controlling  the  RPV  during  ollm)>s,  turns,  straight 
and  level  fll^t,  and  descents.  Gradually,  after  more  and  more  of  the  sirstem’s 
automatic  features  were  validated,  the  RC  pilot’s  role  diminished.  During  the 
fllld^ts  of  December  1976,  he  played  merely  a backup  role.  The  RC  function 
was  totally  eliminated  starting  in  January  1977. 

After  Fliidii  14  a vertloal  ribbon  barrier  with  horizontal  net  was  set  up  at  Fort 
Huaohuca.  Prior  to  committing  an  RPV  to  that  system,  die  SBgr  I^e  drone  (a 
D6I  producQ  waa  flown  under  the  RC  control  <a  G.  Korpi,  and  was  retrieved 
successfully  four  times  in  the  vertloal  ribbon  barrier  net  at  various  airspeeds. 
The  DSI  drone  weighed  135  lb  and  was  representative  of  an  Aqulla  RPV.  The 
RC  pilot  flew  several  orbits  of  the  area  and  then  positioned  the  aircraft  for 
retrieval.  All  flints  and  retrievals  were  successful.  These  successes  not 
only  validated  the  vertical  ribbon  barrier  concept  but  also  provided  a training 
opportunity  for  the  RC  pilot  preparatory  to  A<iuila  retrievals. 

Launcher  tests  were  accomplished  routinely  to  verity  readiness  of  diat  sub- 
system. During  Ihase  A,  several  modifications  were  made  to  die  launcher 
(refer  to  Volume  II,  Section  5.8.4,  Launcher  Evolution,  for  a detailed  descrty- 
tkm).  During  the  earty  portion  (early  197<9  of  the  flight  test  program  at 
Fort  Huaohuca  when  RPV  launchings  were  widely  separated,  shuttle  and  blivet 
shots  were  made  to  ensure  readiness  of  that  equipment.  Whenever  modifloa- 
tkme  were  made  to  the  laundier  or  launoher/RPV  interfMie  or  whenever  major 
maintenance  waa  accomplished,  the  same  combination  of  shuttle  and  blivet 


shots  SPSS  msde.  Shuttle  shots  were  a qualitative  test  to  indicate  that  the  siib- 
sjrstem  elements  were  ftinotfonal.  Blivet  shots  were  accomplished  to  provide 
quantitative  verification  that  the  laundter  was  operating  within  des^pi  limits 
for  pressure  versus  shuttle  velocity  under  load.  This  test  also  was  used  as 
an  aid  in  revealing  degradation  of  the  subsystem. 

3.4  RESULTS 

As  discussed  in  the  previous  section.  Phase  I fli^t  tests  at  Fort  Huachuca 
began  on  22  January  1976  with  Flifl^t  7 and  were  interrupted  on  28  April  1976 
after  FU^t  13  for  the  reliability  improvement  program  and  again  after  the 
attempted  Fli^t  14A  of  25  August  1976.  The  Phase  A flight  test  program  was 
resumed  on  13  September  1976  with  Fllfd^t  14.  This  phase  of  the  flifdit  test 
program  was  completed  successfully  on  23  February  1977  with  Fli^t  37.  The 
bulk  of  ttie  Phase  A flight  test  ob}ectivee  had  been  completed  by  21  Decemb«r 
1976  with  Flight  29.  Items  left  unvalidated  at  toat  time  were  ttie  squared  "S" 
search  pattern  and  the  dead  reckoning  mode.  These  items  required  additional 
software  changes  as  well  as  hardware  modifications  associated  with  dead 
reckoning.  Open  problem  areas  included  roU/yaw  oscillations  (refer  to  Vol- 
ume II,  Section  3. 4.4. 2,  Guidance  Mode  Evolution,  for  a detailed  discussion 
(rf  tttis  problem)  at  a range  greater  than  10  km,  and  main  lobe  autotrack  when 
switching  from  the  hi^  gain  to  low  gain  antenna.  Several  modifioations  to  the 
ajrstem  elements  were  determined  to  be  mandatory  prior  to  initiation  of  the 
Phase  B flight  test  program.  Because  ai  lead  times  involved,  these  B changes 
could  not  be  Implemeiited  until  Mhrch  1977;  however,  evaluation  of  their  oiiti- 
oal  aspects  before  then  was  essential.  Therefore,  several  additional  flifdtta 
were  sdieduled  for  January  and  February  1977.  Fliid^ts  30  throuj^  37  were 
acoonplidied  to  provide  this  information,  and  to  complets  open  items  in  the 
Phase  A fUfht  test  program. 


f 
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3.4.1  FU|^  7 Tlirouip  13 

The  flret  eeivea  flights  at  Fort  Huaohuoa  were  tiie  most  fouatratfaif  of  tiis  pro- 
ymm,  beoauso  the  proUeins  which  surfaced  aeeined  random  In  nature  at  Ihe 
time.  9x  aircraft  were  lost  during  the  seven  fll|^its»wltii  one  sncoesafhl  arrest 
Ing  UneAook  retrieval.  Even  tiboui^  many  RPVs  were  lost,  a great  many  fea- 
tures of  the  system  were  debugged,  refined,  end  demonstrated.  By  tim  end  of 
April  1976,  die  followli«  development  test  objectives  had  been  demmistrated  to 
var3rlng  degrees: 

e Engine  operaticm 

e RPV  eleotrloal/aight  control  sy«tem 
e Launcher  operation 


e around  station  (operation 
e RFVstabUity 

e RPV  aerodynamlo  performance 
e Radio  control  operation 
e Manual  autopilot  o<mtrol 
e Automatlo  autopilot  control 
e Waypoint  Ouldanoe 
e Hook^Wylood  protector  deployment 
e Operating  and  oheokout  procedures 

Table  2 Is  a summary  of  the  first  seven  fUid^ts  at  Fort  Huaohuoa.  Flifidit  ob- 
jectives, performance  aooompllahmeits,  and  anomalies  encountered  are  Identi 
fled.  A fll|dtl~by-fl4dit  discussion  of  the  remilts  obtained  and  changes  evolved 
from  those  fllidits  are  contained  In  ttie  following  sectionB. 


TABLE  2.  SUMMARY  OP  FUGHTS  7 THROUGH  13 


5.4.2  FUchtT 

On  21  JuBUoy  1976.  AquUa  RFV  001  was  Uuinehed  at  the  RPA<^>S  site  for  a 
flight  of  19  min.  15  see.  The  primary  objectlres  of  the  flight  were: 

e Evaluation  of  humoher  and  retrieval  ssrstem  performanoe 
e Evaluation  of  RFV  performanoe  without  landing  gear 
e Waypoint  guldanoe  nanrlgatton 

The  RFV  was  launched  from  the  pneumatic  launcher  in  the  RC  fll^t  o<Hitrol 
mode.  The  launch  velocity  was  95  km/h  (51  knots)  at  an  engine  ipm  of  7100. 

The  RFV  was  ttifcan  to  an  altitude  of  300  m AGL.  where  aircraft  responses  to  RC 
commands  were  performed.  Xlinn  oompletion  of  foeae  tests,  foe  RFV  was 
transferred  to  OCS  control  in  foe  manual  autopilot  mode  for  further  autopilot 
loop  tests.  Two  minutes  later  foe  RFV  was  returned  to  foe  RC  mode  for 
retrieval  beoause  of  an  impending  weather  change.  Four  practioe  approaches 
were  made  to  foe  retrieval  net  with  good  oontrollabillty  and  adequate  power  for 
oUmbout  before  foe  arresting  hook  and  payload  protector  were  deployed.  Upon 
deidoyment,  foe  RFV  lost  power  and  pitched  down  into  a dive.  The  RFV  was 
totally  destroyed  upon  ground  impact. 

The  loss  of  power  upon  deployment  was  traced  to  an  lmpr(q;>eTly  instelled  micro- 
switch.  whidi  was  activated  prematurely  by  foe  deployment  of  foe  arresting  hook 
Then,  as  designed,  an  electrical  sequence  waa  initiated  whioh  resulted  in  engine 
shutdown.  Arresting  line  engagement  with  the  hook  was  supposed  to  activate  foe 
mlcroawitch.  After  Flight  7,  appropriate  design  ohanges  were  incorporated  to 
remove  foe  microswitoh  and  fous  preclude  repetition  of  fols  faihire  mode. 

3.4.3  Flight  8 


Aqulla  RFV  002  waa  launched  on  23  February  1976;  the  fli|^  time  was  1 hour* 
7 min.  Usee.  The  larlmazy  objeottves  of  Fllf^  8 ware: 


• Laimoher  and  retrieval  ayatem  evaluation 
e AutopUot  dynamioa 

e RPV  aexedynamlo  performanoe 
e Waypoint  guidanoe  navigation 

• I%aae  I aenaor  performanoe 

The  RPV  waa  launched  remotely  from  the  GCS  in  the  RC  mode.  During  launch, 
the  piqrload  protector  deployed;  however.  Phase  I sensor  video  indicated  the  pro- 
tector waa  not  in  the  fully  extoided  poaitlcm.  The  RPV  waa  tranaferred  to  GCS 
control  in  the  manual  autopilot  mode  at  425  m AGL,  qjproximately  2 km  from 
the  GCS.  Then  the  RPV  waa  transferred  to  the  waypoint  guidance  mode.  Under 
this  mods,  the  RPV  visually  appeared  to  re^t  as  programmed;  however,  the 
GCS  X-T  plotter  Indicated  that  the  RPV  was  in  a position  180  deg  from  its  actual 
position.  Additionally,  it  was  determined  that  the  rate  gyro  was  inoperative 
from  the  RPV  response.  During  this  idiase  of  the  test,  the  RPV  made  a speed 
run  of  118  km/h  (75  knots).  Under  the  resulting  aerodynamic  forces  and  other 
stresses,  Uie  payload  dome  fractured,  and  portions  of  the  dome  passed  through 
the  propeller  duct,  resulting  in  no  RPV  damage.  Two  practice  RC  approaches 
were  made  before  making  a successful  RC  retrieval.  Final  approach  mode 
GCS  c'ontrol  ohedcs  also  were  successfully  accomplished.  Post-flight  inspec- 
tion revealed  ttiat  the  arresting  hook  was  twisted  and  required  replacement. 

3.4.4  Flights 

Aqulla  RPV  002  was  laundied  in  the  RC  mode  on  4 March  1976.  The  flight  time 
was  58  min,  30  sec,  of  vdiidi  3 min  were  in  the  RC  mode  and  the  remainder  in 
eldier  autopilot  or  waypoint  guidanoe.  The  primary  objectives  of  Fllfd^t 

9 were: 

e Evaluation  of  die  launch  and  recovery  systems 
e AolepiloC  pexfomnaiioe 
e W^rpodlt  gttidaaoe  evalnaticn 
e RPV  aerodynamic  performance 
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Hie  IwnMdi  waa  normal  wiOi  a ollmbout  to  2,000  m M8L  (5,500  ft)  where  a raoe- 
tiaek  pattern  was  established  and  die  RPV  transferred  to  the  manual  autopilot 
mode.  Ihen  die  BPV  was  flown  around  the  racetrack  at  two  and  four  times 
I standard  rate  toms.  After  diat,  it  was  flown  to  2,360  m MSL  (6,500  ft)  and  re- 

i turned  to  the  2,000  m MSL  altitude  to  evaluate  rates  of  climb  and  desceid.  The 

i RPV  waa  flown  throu^  two  waypoints  to  evaluate  waypoint  navigation.  Tben  it 
was  flown  in  a larger  racetrack  pattern  to  further  evaluate  rates  of  climb  and 
descent. 

The  RPV  was  poaltkmed  for  arresting  hook  depk^ment  at  145  m AGL  (400  ft) . 

I Upon  hook  defrayment,  the  RPV  established  a rate  of  descent  of  i^roximately 
I 250  m/seo  (700  fjjim) . The  RC  pilot  could  not  control  the  descent,  and  the  RPV 

I waa  transferred  to  the  manual  autopilot  mode  and  commanded  to  4,350  m MSL 

i (1,200  ft)  at  47  to  60  knots.  However,  while  the  descent  rate  steadily  decreased, 
the  RPV  continued  to  descend  at  full  throttle  until  ground  impact. 

To  oonreot  the  excessive  drag.  Inadequate  nose-iqi  trim,  and  climb  rate  exper* 
ienoed  in  this  fllidit,  a decision  was  made  on  future  fillers  to:  (1)  remove  die 
drag  brake,  which  consUtutee  die  major  aerodynamic  drag  element  of  the  RPV 
! during  retrieval,  (2)  increase  elevon  throw,  and  (3)  lower  propeller  pitch. 

3.4.5  FHghtlO 

Aqnila  RPV  003  was  launched  in  the  RC  mode  on  24  lAundi  1976.  The  fll|^ 

I time  was  32  min,  SO  sec.  The  primary  objeottvea  of  Fll^  10  were: 

i 

• Evaluation  cf  launch  and  retrieval  systems 
e RPV  aeredynamle  performance 

! • Waypoint  guldaiioe 

• Traokiag  antenna  hearing  and  range  performance 

• Final  ivproooh  guldBaoe 
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Tbe  laimdi  and  ollmbout  were  normal  to  1,600  m MSL  (4,400  ft) . The  autopilot 
was  engaged  and  was  unable  to  maintain  level  flight.  The  RPV  tended  to  turn  to 
the  riffiit.  It  was  returned  to  the  RC  mode  and  the  autopilot  was  engaged  several 
more  times  with  the  same  result.  The  RFV  was  returned  to  the  RC  mode  for 
retrieval.  Two  attempts  were  made  before  hook  engagement.  The  hodc  engage- 
ment was  not  oomplete,  and  Ibe  RPV  landed  in  the  horizontal  net;  it  then 
careened  into  die  air  and  impacted  the  ground  beyond  die  net. 

Destruction  of  the  RPV  prevented  determination  of  the  cause  of  the  autopilot 
anomaly;  however,  a procedural  change  was  made  to  verify  that  rate  gyro  offset 
and  heading  rate  trim  limits  were  acceptable  prior  to  launch.  A design  change 
was  incorporated  in  die  arresting  hook  to  allow  a larger  line  capture  area  and 
in  the  retrieval  pendant  lines  to  Improve  rlf^ng. 

3.4.6  Flight  11 

Aqnlla  RPV  004  was  launched  in  the  RC  Mode,  on  6 April  1976.  The  flifi^t  time 
was  48  min,  7 sec.  The  primary  objectives  of  Flight  11  were: 

e Launch  and  retrieval  systems  evaluation 
e Aerofynamic  performance 
e Waypoint  guidance  evaluation 
e Final  approach  guidance 

At  laondi  die  payload  protector  deployed  minus  the  drag  brake.  RPV  perform- 
ance, however,  was  not  degraded  during  die  fll^t.  After  initial  manual  auto- 
pilot diecks,  the  RPV  was  entered  into  a waypoint  gutdanoe  test.  After  the  first 
waypoint,  dm  RPV  experienced  Intermittent  status  locks  and  the  waypoint  guld- 
anoe  test  was  aborted.  The  waypoint  abort  mode  of  operation  was  nominal,  and 
the  RPV  returned  to  die  retrieval  area  via  waypoint  abort  (WP  80/90)  navli^tm. 
It  was  dian  returned  to  die  RC  mode  for  retrieval.  During  the  retrieval  sequelnce, 
dm  arresting  book  would  not  deploy  upon  command.  Several  attempts  were  made. 
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bat  the  hook  remained  In  Qie  atowed  position.  An  unsuocessflul  attempt  was  made 
to  land  the  RPV  on  the  RPAOD8  runway,  and  the  RPV  was  destroyed.  Appendix  B 
1 discusses  the  anomalies  and  corrective  actions  taken  as  a result  of  this  flight. 

Electrical  circuit  design  changes  were  incorporated  in  the  RPV  fli|^t  control 
' package  after  this  flight  to  allow  resetting  of  the  hook  drop  logic  and  to  allow 

repeated  hook  deployment  commands.  Payload  protector  solenoid  installation 
was  modified  to  prevent  premature  drop  due  to  launch  acceleratim  and  shock. 

The  intermittent  status  locks  were  found  to  relate  to  RPV  receiving  antenna 
pattern  null  areas. 

I 3.4.7  FUgfatl2 

i 

Aqulla  RPV  005  was  launched  in  the  RC  mode  cm  19  April  1976.  The  flight  time 
was  30  min,  22  sec.  The  primary  objectives  of  Flight  12  were: 

• Launch  and  retrieval  systems  evaluation 

I e Aerodynamic  performance 

• Waypoint  guidance 

• Final  approach  guidance 

The  launch  and  climbout  were  nominal.  Following  an  11-min  period  of  aero- 
^ dsrnamic  performance  evaluations  in  the  RC  mode,  the  RPV  was  transferred  to 

I waypoint  navigation.  The  RPV  flew  a flight  path  of  10  waypoints,  as  progpnunmed, 

I then  it  was  rented  to  the  RC  mode  for  retrieval.  While  the  RPV  was  being 

I positioned  for  arresting  hook  deployment,  RC  control  was  lost.  The  RPV  went 

I into  uncontrolled  flight  and  was  destroyed  on  impact. 

I 

I An  analsrsls  of  the  flight  data  indicated  that  the  RPV  command  link  operated 

properly  but  diat  an  operational  problem  existed.  The  approximately  1-mile 
range  at  adiloh  tiie  RPV  was  transferred  to  RC  control  was  beyond  Oe  point 
vdiere  foe  RC  pilot  could  determine  RPV  attitude.  The  pilot  foiled  to  recognise 
font  the  RPV  had  beoonu  inverted;  therefore,  all  the  commands  frmn  that  time 
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on  were  180  out  of  phase.  RC  model  airplane  fliers  generally  make  either 
a transparent  section  in  one  of  flie  air  vdticle  wings  or  apply  a distinctive  j 

orientation  paint  pattern  so  that  they  can  be  sure  which  wing  is  in  what  position 
during  a turn.  RPV  005  did  not  have  such  an  indicator  at  that  time  alflioue^ 
wing  tip  paint  had  been  included  on  prior  RPV  flights.  The  RC  pilot  was  unsuc- 
cessful in  gaining  proper  control  of  the  RPV,  resulting  in  its  crash. 

After  this  flis^t,  the  RPVs  were  provided  with  distinctive  orientation  paint 

markings,  and  very  strict  RC  flight  command  and  control  procedures  were  I 

implemented. 

3.4.8  Flight  13 

AquUa  RPV  007  was  launched  in  the  RC  mode,  on  28  ^ril  1976.  Hie  fllf^t  time 
was  20  min,  55  sec.  The  primary  objectives  of  Flight  13  were: 

e Launch  and  retrieval  system  evaluation 
e Final  i^iproach  guidance  navigation 

Tbe  launch  and  cllmbout  were  nominal.  The  RPV  was  flown  in  a racetrack 
pattern,  under  RC  control,  prior  to  successful  autopilot  engagement  and  ohedc- 
out.  Then,  the  RPV  was  positioned  for  RC  retrieval  and  die  arresting  hook 
deployed.  After  hook  deployment,  die  RPV  was  returned  to  autopilot  control 
and  performed  aeroclynamio  tests  in  the  retrieval  configuration.  During  these 
tests,  the  command  link  was  lost  and  die  RPV  entered  die  link-loss  mode, 
fimctioning  as  designed.  After  a 2-min  spiral  climb,  die  engine  shut  down 
without  the  link  being  reestablished.  Then  the  RPV  descended  to  impact. 

Cause  of  link  loss  was  attributed  to  CCS  component  overheating.  Later  this 
was  confirmed  by  a simulated  GC8  test  on  29  ^ril  1976.  Design  changes  to 
die  cooling  air  dtstributlon  system  within  die  GC8  were  iitontified  to  correct 
this  flii^t  critical  problem  and  were  later  implemented.  Refer  to  Volume  n. 

Section  5.2.4. 2,  Provisicns  for  Console  Equipment  Cooling. 
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3.4.9  Flights  14  Through  29 


The  restructured  Phase  A flight  test  and  validatiOD  program  objectives  are  shoira 
in  Table  3,  Flights  14  throv^  29  Objectives  and  Accomplishments.  Also  shown 
are  the  actual  flight  test  accompUdiments  during  the  16  flights  fliat  actually 
occurred  during  the  14-week  period,  13  September  to  21  December  1976. 

A review  of  Table  3 reveals  that  the  major  area  of  concern  encountered  during 
these  tests  was  flie  validation  of  die  semiautomatic  retrieval  system.  The  first 
successful  semiautomatic  retrieval  occurred  on  Flif^t  21  rather  than  Fllf^t  18 
as  scheduled.  This  delay  was  ttie  result  of  a change  from  the  arrester  line 
retrieval  system  to  a vertical  barrier  retrieval  system  developed  independently 
by  Locldieed.  This  change  was  implemented  because  of  continual  developmental 
problems  with  the  arrester  line  system  and  the  loss  of  an  RPV  on  IS  September 
1976.  The  success  of  the  other  flight  tMt  diijective  segments  followed  the  pro- 
posed schedule  rather  closely;  the  only  exception  was  the  validation  of  search 
and  loiter  patterns,  which  were  delayed  significantly  due  to  problems  ir.  refin- 
ing the  associated  software. 

The  parachute  backup  recovery  system  was  installed  in  the  RPVs  during  this 
series  of  flights.  A Sony  TV  camera  was  substituted  for  the  sensor  subeystem 
on  all  RPVs  with  a parachute. 

Table  4 is  a summary  of  Flights  14  through  29  and  includes  the  objectives,  per- 
formance, and  anomalies  associated  with  each  flight. 

3.4. 10  Launcher  Incident  (Flight  14A) 

On  25  August  1976,  an  attempt  was  made  to  launch  RPV  008  on  the  first  fliiehi  of 
the  restructured  Phase  A test  program.  Immediately  after  launch  first  motion, 
the  forward  portion  of  the  RPV  separated  from  fiie  shuttle.  Ihe  RPV  began  a 
pitohup  motion  ehloh  continued  throughout  ttie  launcher  stroke.  This  resulted 
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in  the  RPV  leaving  the  launcher  at  nearly  a 90-deg  angle  of  attack,  making  two 
complete  revolutiona  before  impacting  the  ground  at  T -f  2. 597  sec  . The 
impact  point  was  approximately  30  m in  the  front  of  the  launcher. 


A dialled  analysis  of  this  problem  identified  these  contributory  factors: 

e Improper  seating  of  the  RPV  relative  to  the  launcher  thrust  bradcets 
allowed  rearward  motion  of  due  RPV  relative  to  the  shuttle, 
e Design  of  skeg  keeper  and  r^ease  mechanism  allowed  overturning 
moments  sufficient  to  release  the  skeg  pin. 

These  fiictors  were  felt  to  be  the  causes  of  the  launch  incident.  Appropriate 
redesign  efforts  were  implemented  (refer  to  Volume  n.  Section  5.3.4, 

Launcher  Evolution)  to  correct  both  areas  of  design  weakness.  No  further 
launcher  incidents  occurred. 

3.4.11  Flight  14 

AquUa  RPV  009  was  successftiUy  launched  from  the  RPAODS  site  on  13  Septem- 
ber 1976.  The  primary  objectives  of  die  flight  were  to: 

e Evaluate  the  redesign  RPV/laundier  interface 

• Evaluate  the  fll|^t>^orfhlness  of  the  RPV  after  inoorporation  of  reli- 
ability improvement  changes 

• Evaluate  the  new  RPV/GCS  interface  as  a result  of  latest  changes 

• Perform  an  RC  mode  recovery  with  the  hook/arrester  line  retrieval 
system 

All  ofajeottves  were  accomplished  except  the  RC  mcde  recovery.  Total  fli|hf 
ttme  was  15  min,  24  sec.  The  RPVAaunoher  performed  as  expected.  The 
fillet  oharaeterlstles  appeared  consistent  widi  the  oharaotsristios  expected 
aUhoui^  tibey  were  observed  only  in  a qualitative  sense  beosuse  of  die  tl^ 
psttsm  flown.  Airfirame  weight  was  increased  approximately  14.5  lb  by  die 
installation  of  die  parachute  recovery  siratem.  The  closeness  of  the  fillet  path 
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also  resulted  In  several  video  and  downlink  losses  caused  either  by  the  RPV 
being  above  the  GCS  antenna  or  in  steep  roll  ani^s  which  prevented  RPV  antenna 
line  of  sl^t  to  the  GCS. 

Tbree  attempts  (in  the  RC  mode)  were  made  to  retrieve  Ibe  RPV  with  the  hook/ 
arrester  line  system.  On  the  third  attempt,  die  RPV  was  too  low  and  flew 
through  the  arrester  lines  and  into  the  horizontal  metal  support  of  the  horizon- 
tal ribbon  landing  net.  Following  this  flight,  the  decision  was  made  to  replace 
the  arrester  line  retrieval  system  with  die  vertical  barrier  retrieval  system. 

3.4.12  Flight  15  (First  Successful  Vertloal  Barrier  ^stem  Retrieval) 

AquUa  RPV  Oil  was  launched  sucoessfiilly  on  4 October  1976.  The  prlmazy  ob- 
jectives of  the  fll|d>i  were  to: 

e Evaluate  die  augmented  RC  mode 

e Achieve  successful  recovery  using  the  vertloal  barrier  retrieval  system 

During  the  flight,  controlled  roll  and  pitch  maneuvers  were  performed  to  evaluate 
flight  control  and  RPV  handling  oharactezistlos  of  the  new  augmented  RC  mode. 
With  this  mode,  the  RC  commands  were  summed  wldi  die  pitch  and  roll^mw 
gyro  signals  in  the  autopilot  rather  than  fed  directly  to  the  control  devices.  This 
technique  of  RPV  c<Hitrol  proved  stable  and  well-oontroUed,  effectively  reduc- 
ing the  steq;>-bank  angles  experienced  during  the  unaugmented  or  straight  RC 
mode  flight. 

During  this  flight,  there  were  several  status  link  dropouts  (synchronization 
losses),  die  longpist  lasting  about  3 sec.  Cause  of  diese  drqps  was  attributed 
to  dtffloultles  wtdi  die  auto-trsokbig  system  maintaining  lode  with  the  RPV  when 
switching  between  the  hl^  gain  and  low  gain  antenna.  Such  switching  occurred 
because  of  the  olose-ln  flight  plan  adopted  by  d»  RC  pilot. 
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A praotloe  approach  waa  oondiioted  In  both  the  augmented  and  atreli^t  BO  modee. 
For  final  reoovexy  the  RC  pilot  elected  to  oae  die  more  familiar  atral|^  RC 
mode.  The  RPV  oontaoted  the  vertical  barrier  at  an  indloated  air  speed  of  100 
kmA  (54  knots),  displaced  approximately  60  cm  (24  In.)  from  the  vertical 
center  of  the  barrier  with  no  vertical  displacement  error. 


3.4.13  Flight  16 


Aquila  RPV  Oil  was  launched  socoesefliUy  on  9 October  1976.  The  primary 
objectives  of  the  flight  were  to: 

e Complete  valldatloa  of  those  elements  required  for  automatte  launch 
e Obtain  RPV  aerodynamic  performance  data 
e Retrieve  in  the  vertical  barrier 

All  ohjeotlvea  were  achieved  successAiUy.  Total  fll|^t  time  was  38  min.  14  sec. 
All  prelaunch  procedural  requirements  were  validated,  preparatory  to  an  auto- 
matic launch  on  Flight  17.  Aerodynamic  data  In  the  manual  autopilot  modewere 
obtained  for  rate  of  climb  and  descent  and  for  straight  and  level  flight.  The 
pexfomumoe  data  obtained  are: 

e Rate  of  climb  513  f|[mi  at  96  km  A 

e Rate  of  descent  205  ^pm  at  90  km/h 

• Rate  of  descent  (payload  254  Ijpm  at  100  km/h 

proteotor  down) 

e RPM  and  elevon  angles  as  predicted  for  stral|^t  and  level  flight  at 
1,621  m MSL 

The  RC  pilot  made  <nie  practloe  approach,  and  dien  suooessAilly  recovered  the 
RPV  In  the  augmented  RC  mode. 
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3.4.14  Fll^  17  (First  Snooss^kil  RPV  Aotomatto  Laund^ 


AqoUa  1S!F  Oil  was  launeliad  suooessfttly  In  tiw  automatlo  mode  on  16  October 
1976.  The  primazy  objeotlees  of  die  fU^  were: 

a Automatio  launch 
a Waypoint  giddanoe 
a Final  approach  guidance 
a Betrleval 

All  flight  test  ob]eottres  were  met.  Total  fillet  time  was  42  min,  6 seo.  The 
automatic  laundi  had  no  diacemlble  flaws  with  waypoint  guidanoe  taking  over 
aa  programmed  at  laundi  plus  24  seo.  The  KFV  flew  dm  waypoint  fll|^  path 
arid!  no  anomalies.  The  final  approach  guidance  testa,  whldi  were  conducted 
at  an  altitude  of  273  m (895  ft)  AGL,  ommisted  of: 

a A pull-up  maneuver  at  maximum  rpm  to  simulate  a low-qpproaoh  abort 
a A steep  deeoent  to  simulate  a hlfpi  approach 
a A rlght-tnm  maneuver  to  simulate  a horlaontal  correction 

During  the  abort  portion  of  die  test,  the  RFV  climbed  too  steeply  and  the  Indi- 
oatedalrveed  dropped  to  63  kmA  (94  knots).  This  anomaly  was  traced  to  an 
accelerometer  malftmctlon,  which  also  caueed  the  RFV  to  enter  a phngoid 
oscillation  whenever  dm  engine  exceeded  6,600  zpm.  These  teste  also  indicated 
that  dm  approach  guidance  gaina  were  too  hi|^  and  would  have  to  be  adjusted 
prior  to  attamptiiig  an  automatio  recovery. 

Aerodynamic  perfommaoe  data  were  obtained  for  rate  of  descent  with  and 
widumt  dm  payload  protector  dqdoyed.  These  data  Indicate  tiiat,  wldi  dm  re- 
moval of  the  trailing  arresting  book,  a drag  brake  must  be  reinstalled  in  dm 
payhmd  protector  In  ordw  to  achieve  dm  4 deg/seo  descent  rate  required  for 
antonaatlo  recovery. 
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One  planned  augmented  RC  mode  pass  was  made  over  the  vertloal  barrier  net 
prior  to  the  final  and  auooeesftil  augmented  RC  mode  recovery. 


3.4.15  FUi^tlS 

AquUa  RFV  Oil  waa  auooesafolly  launched  in  die  aiitomatlo  mode  on  22  October 
1976.  The  primary  objeotlvea  of  the  flight  were: 

e Automatio  lannoh 
• Waypoint  navigation 
e Aeraljmamle  performance 
e Final  approach  gttldanoe 
e Augmented  RC  recovery 

All  fll^  teat  ohjectivea  were  achieved,  and  a aucceaafully  augmented  RC  re- 
covery waa  adiieved  after  a fli|^t  of  46  min,  4 aec.  The  automatic  launch  waa 
nominal.  The  RPV  flew  a flight  path  consiating  of  28  waypointa  without  an 
anomaly.  Aerodynamic  performance  In  atralght  and  level  flight  waa  obtained 
at  four  dlffnrent  alrapeeda.  Additionally,  climb  and  deacent  ratea  alao  were 
obtained  with  and  without  the  payload  protector  deployed  to  d^rmine  the  effect 
of  the  newly-inatalled  drag  brake.  The  new  drag  brake  increaaed  the  deacent 
rate  to  one  which  ia  compatible  with  the  retrieval  ^iproadi.  Two  automatic 
approaohea  were  made;  in  each  caae,  proper  and  well-controlled  fliidit  re- 
aponaea  to  veloeit^  and  turn  consmanda  indicated  diat  the  approach  guidance 
and  curaor  oontrola  operated  properly.  The  retrieval  waa  made  aooeeaaftilly 
in  the  augmented  RC  mode. 

AN/m^l6  radar  coverage  alao  waa  provided  to  meaaure  waypoint  navigation 
aoouiaqr*  Aaaaa^yataoffho’dataindioafeadalro’OMiTalBtloiicf  Sm  batWBM 
tte  GC8  aadthe  AN/FP8-16  on  ground  trade  and  5 m la  altitude,  at  elevation 
awgtaa  of  lean  than  10  dug*  Maarimum  RPV  raaga  attained  waa  6 km. 
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3.4.16  Flight  19 


Aquila  RFV  Oil  was  launched  automatically  on  28  October  1976.  The  primary 
objective  ci  the  fllgjit  waa  to  perform  a semiautomatic  recovery. 

The  RPV  performed  satisfactorily  until  the  final  approach  initiation.  At  this 
point,  the  baokiq)  RC  pilot  thoufl^  that  the  vehicle  was  descending  too  rapidty 
and  took  over  control  in  foe  RC  mode.  He  was  unable  to  increase  engine  rpm  1 

by  command.  Then  the  RC  pilot  requested  the  GCS  RPV  operator  to  take  over 
in  the  iwimal  autopilot  mode.  The  RPV  operator  also  was  unable  to  increase 
rpm.  At  this  the  RPV  was  at  idle  rpm  and  at  an  altitude  of  47  m (ISS  ft) 
above  ground  level. 

The  teat  director  then  directed  deployment  of  the  parachute  recovery  system. 

The  parachute  aystem  operated  normally;  however,  due  to  the  low  altitude,  the 
main  parachute  was  still  in  the  reefed  condition  at  RPV  impact.  The  parachute 
ssrstem  inverted  the  RPV  properly,  so  that  impact  was  with  the  payload  positlmied 
upward.  This  inversion  limited  damage  to  the  RPV.  Total  flight  time  was  9 min. 

The  RPV  was  repaired  and  reflown  later  as  part  of  the  Army  training  program. 

A review  of  the  fUg^t  failure  revealed  a broken  wire  in  the  RC  boa  cable  from 
the  GCS,  and  fiiat  the  GCS  pilot  had  not  transferred  out  of  the  augmented  RC 
mode  before  commanding  manual  autopilot  ocHitrol;  therefore,  the  vehicle  was 
not  being  controlled  in  any  mode. 

3.4.17  Flight  20 

Aquila  RPV  006  was  launohed  automattoally  on  2 November  1976.  Ihe  primaiy 
objeottve  of  the  fUght  was  to  evalnale  the  final  appcoadi  guidanee  mode  after 
foe  inoorporatlott  of  a diaiige  shortening  the  pitoh-rato  Integration  time  oonstant. 
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The  fli^  test  ohjeottve  was  met  and  the  RPV  snooessAiUy  reooveied  in  the  aug- 
mented BC  mode  after  53  min  and  10  see  of  04^. 


In  the  first  final  q)proaoh  tests,  the  RPV  entered  the  PaHi  too  h4^  at 

waypoint  91.  the  outer  marker;  as  a result,  waypoint  attitudes  were  lowered. 

On  the  second  ^K»roaoh.  attitudes  were  within  limits  and  cursor  control  (final 
amnraaoh)  was  engaged  at  a range  of  1.460  m (4,790  fl),  and  aborted  at  950  m 
(3,117  ft).  On  the  third  approach,  final  approach  was  engaged  at  1,525  m (5,000 
ft)  and  aborted  at  555  m (1 ,820  ft).  These  tests  were  terminated  when  the  "fuel- 
low''  Indicator  ll^t  came  on;  then  the  RPV  was  retrieved  in  die  augmented  RC 
mode.  The  analysis  of  these  two  tests  correlated  very  closely  to  the  data  gene- 
rated In  final  aiq;>roa(di  guidance  simulation  testing  at  LMSC,  Sunnyvale. 

This  was  the  fourdi  consecutive  automatic  launch  wldiout  any  failure.  Therefore, 
the  automatle  launch  mode  was  considered  validated. 

3.4.18  Flight  21  (First  Semiautomatic  ^proach  Guidance  Retrieval) 

AquUa  006  was  fkwn  on  14  November  1976  from  a new  test  site,  Sycamore 
Canyon.  The  fll^t  duration  was  30  min,  26  sec.  The  move  to  Sycamore 
i Caiqron,  In  the  northeast  comer  of  the  Fort  Huaohuoa  range,  was  made  to 

allow  for  the  maximum-range  flights,  scheduled  later  In  the  program.  The 
primary  objective  of  the  flight  was  to  perform  a semiautomatic  retrieval. 

The  plan  called  for  praotloe  iwroaohes  to  the  retrieval  barrier,  In  the 
final  approach  mode,  with  the  praotloe  ^rtod  closer  to  die  vertical  bcunrler 
each  time.  Each  practice  was  initiated  at  a range  of  approximately  1,200  m 
(3,940  ft).  The  first  praotloe  was  aborted  at  900  m (2,950  f^;  the  second  at 
600  m (1,920  fl);  and  the  final  practice  approach  at  300  m (960  ft).  AtdilstliBe, 
the  sensor  operator  fait  tiiat  he  could  baring  the  RPV  In  wtdi  dm  cursor,  and  was 
given  the  go-ahead  for  an  automatic  retrieval.  The  retrieval  was  "textbook 
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p«rf«et'*  wifli  noM  of  the  RPV  impoeting  the  vorttoel  berrter  5 cm  (2  in.) 
hJ^  and  5 cm  (2  in.)  left  from  oenlerpoint,  an  viewed  fay  die  eeneor  operator. 

3.4.19  Fliglit22 

Aquila  RPV  006  waa  flown  anooeeafolly  on  20  November  1976.  The  primary 
objectiveB  of  the  fli^t  were: 

e Wasrnolnt  demonstration 

o Demonstration  of  both  the  loiter  and  expanding  spiral  search  patterns 
e Semiautomatic  retrieval 

All  flight  objectives  were  met  and  the  RPV  was  successfully  recovered  semi- 
automatically  after  27  min  and  7 sec  of  flight.  The  launch  in  the  automatic 
mode  was  nominal,  and  the  RPV  flew  the  waypoint  fli{^t  path  with  no  anomalies. 
However,  during  both  the  loiter  and  search  modes,  the  RPV  was  not  as  stable 
in  yaw  as  it  was  in  the  normal  waypoint  guidance  mode.  This  tendency  of  the 
RPV  to  wander  in  yaw  was  very  evident  from  the  onboard  video  recording  of 
die  flight.  During  both  the  loiter  and  expanding  spiral  patterns,  these  RPV 
perturbations  appeared  to  be  most  violent  vdien  the  RPV  was  flying  due  north. 
The  same  flic^t  path  was  programmed  into  the  guidance  flight  simulator,  with 
the  same  result.  (The  loiter  pattern  and  expanding  spiral  are  variations  of  the 
same  software  equation. ) The  range  gains  in  the  software  equation  were  re- 
duced, and  die  RPV  heading  was  smoothed  by  increasing  the  number  of  data 
points  required.  These  changes  were  to  be  evaluated  in  later  flights  in  the  test 
program. 

The  semlantomatlo  iqppioaoh  guidance  retrieval  wasmade  sucoessfiilly,  alter 
diree  practice  ^n>roaohes.  During  the  first  two  practice  approaches,  die  RPV 
was  Judged  to  be  too  low,  and  the  final  aiqiroaoh  wtqrpolnts  were  raised.  Hie 
iqiproaCh  path  on  die  ttilrd  practice  was  nomhial  and  the  RPV  socoessftdly  re- 
covered widioat  damage. 


3.4.20  Fll|^23 


AqpiUa  RFV  006  was  flown  suooessAilly  on  23  Notrember  1976.  Tbe  primazy  ob- 
jectives of  the  fli|^  were  to: 

e Perfonn  a loiter  pattern 

e Evaluate  system  pexformanoe  to  a range  of  14  km 
e Betrleve  automatioally 

All  test  objectives  were  achieved  and  the  RPV  was  successfully  recovered  after 
43  min  and  14  sec  of  flight.  The  loiter  equation  modification  had  not  been  in- 
corporated in  time  for  this  flight,  because  of  the  on-going  simulation  proofing. 
The  flight  heading- rate  commands  during  loiter  indicate  the  same  yaw  disturb- 
ances as  seen  on  Flight  22.  Roll/yaw  limit  cycling  occurred  during  flight  away 
Irom  and  returning  toward  the  GCS.  These  roll  rate  amplitudes  of  6 deg/sec 
developed  when  die  GCS  rf  link  range  exceeded  10  km  and  when  the  RPV  flew 
nearly  directly  away  from  or  toward  the  GCS. 

A successful  semiautomatic  recoveiy  was  made  after  two  practice  ^iproaohes. 

Subsequent  flints  were  planned  for  additional  intermediate  and  long-range 
system  performance  in  which  this  proUem  of  roll^w  limit  cycling  could  be 
anal3rsed  further. 

3.4.21  Flight  24 

AqoUa  RPV  006'Was  flown  suocessfblly  on  3 December  1976.  The  primary  ob- 
jectives of  die  fli^  were  to: 

e Perform  a squired  ”S"  search  pattern 

e Olitain  rate  of  dlmb  and  descent  RPV  performance  data  at  various 
airspeeds 

e Retrieve  semiautcmatioally 
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All  flif^t  objectives  were  achieved  and  ttie  RPV  was  successhilly  recovered 
after  42  min  and  2 sec.  Teo  separate  squared  "S"  search  patterns  were  flown. 
The  first  consisted  of  2 cycles,  progressing  in  an  easterly  direction  with  a 
period  of  2 km  and  a width  of  2. S km.  The  second  pattern  was  one  cycle  in  a 
westerly  direction  with  a period  of  3 km  and  a width  of  2 km.  As  shown  in 
Figure  11,  the  "S"  in  both  patterns  was  not  square  at  the  ends,  but  tended  to 
dish-in.  The  scrftware  program  for  die  squared  "S"  pattern  was  modified  to 
correct  this  condition.  Future  flights  would  determine  whether  any  further 
adjustments  of  the  program  would  be  required.  Automatic  retrieval  was  ac- 
complished on  the  second  attempt.  Because  this  was  the  fourth  consecutive 
retrieval  without  a failure,  this  mode  of  recovery  was  deemed  to  be  validated. 

Postfli^t  inspection  of  the  RPV  disclosed  that  the  upper  carburetor  shaft  was 
broken.  The  point  in  the  flight  that  the  shaft  broke  could  not  be  determined 
from  the  data;  however,  the  engine  was  unable  to  achieve  maximum  xpm  after 
41  min  of  flight.  For  the  remainder  of  the  flight,  the  maximum  achievable  rpm 
was  7,400  contrasted  with  7,900  earlier  in  the  flight. 

3.4.22  Flight  25 

Aquila  RPV  012  was  launched  successfully  on  7 December  1976.  The  prli 
objective  of  dm  fU^  - to  perform  a squared  ”S"  search  pattern  using  the 
dated  software  - was  not  achieved.  The  vehicle  lock  light  went  out  2 min 
the  flight,  and  the  TM  downlink  became  intermittent.  Two  minutes  later, 

RPV  was  switched  to  the  manual  autopilot  mode  and  the  planned  mission 
aborted.  The  RPV  was  brought  k^k  to  the  RC  control  sone  and  the  retrieval 
was  acomnplished  in  the  augmented  mode  on  the  first  attempt.  The  duration 
of  die  fli^t  was  13  min,  44  sec.  A postfli^t  inspection  of  the  RPV  disolosad 
that  die  TM  receiver  had  a loose  rf  input  connector  internal  to  the  receiver. 
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3.4.23  night  26 

Aquila  RPV  012  was  flown  sueoesaftiUy  on  10  December  1976.  The  prlmazy 

objeothrea  of  the  flight  were  to: 

i 

i e Pexform  both  a squared  "S'*  search  pattern  and  a loiter  pattern 

I e Automatic  retrieval  using  the  80  series  wasnpoints 

e Full  (^ratkm  by  an  Army  fli^  crew 

The  fl]|^  ofajeotlves  were  achieved  succesafiiUy  alQiough  Army  crew  operation 
was  limited  due  to  erratic  pitch  and  yaw  maneuvers.  The  RPV  was  recovered 

1 

successftiUy  after  67  min  of  fUi^.  A atn|^  cycle  al  a squared  "S"  search 
pattern  was  flown.  The  pattern  had  a period  of  2.5  km  and  a width  of  1.75  km. 
The  pattern,  as  shown  in  Figure  12,  had  improved  but  still  was  oe  desired 
shape.  Additional  software  smoothing  was  required  and  would  be  tested 
subsequently. 
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A single  loiter  pattern  with  a 0.5  km  diameter  was  flown.  The  pattern  was  in 
the  right  turn  mode.  During  this  pattern  flu»  vehicle  was  very  stable,  and 
eidiibited  mme  of  the  erratic  flight  motions  noted  In  Flight  22,  except  for  a 
sll^it  yaw  pertnrtiation  when  passing  through  due  north. 

During  flie  fll^t,  the  RPV  experienced  several  violent  ahort'term  pltcfaqp 
maneuvers.  These  motions  of  the  RPV  caused  enoni^  concern  that  the  test 
director  substituted  an  LM8C  RPV  operator  for  tte  Army  tralBse.  Durti^the 
postfUi^  Inspection,  it  was  found  that  the  accelerometer  had  excessive  hys- 
teresis caused  by  internal  friction. 

The  antomstlo  retrieval  was  accomplished  successtally  hy  flie  Army  snsor 
operator  trainee,  using  the  80  series  waypoints,  after  two  practloe  approaches. 

3.4.24  FUght  27 

A^pila  RPV  012  was  flown  suocessAilly  ottl4  December  1976.  The  prtaiuuqr 
objectives  at  the  flight  were  to: 
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• Demonstrate  both  the  squared  '*S"  and  eiqpending  spiral  search  pattern 
e Perform  a loiter  pattern 

• Achieve  foil  operation  by  an  Army  flight  crew 

All  flight  test  directives  were  met,  and  the  RPV  was  auccessfolly  recovered 
after  41  min  and  9 sec  of  fli|^t. 

The  squared  "9*  search  pattern  was  flown  in  a westerly  direction  for  4 min, 

10  sec.  The  pattern  cycle  was  2 km  with  a width  of  2.5  km.  As  shown  in 
Figure  13,  the  first  half  of  the  pattern  cycle  was  irregular.  However,  the 
second  half  showed  Improvement  over  previous  patterns. 

The  expandli^  spiral  search  pattern  was  flown  for  1 min,  50  sec,  in  a right 
tom  mode.  As  shown  in  Figure  13,  this  was  not  sufficient  time  to  complete 
even  one  revolution  of  the  pattern.  When  the  RPV  was  heading  due  north,  it 
experlenoed  yaw  perturbations.  These  perturbations  were  not  as  severe  as 
had  been  seen  In  earlier  fli^ita  while  the  vehicle  was  in  this  mode. 

The  loiter  pattern  was  flown  for  4 min  and  35  sec  in  a right-turn  mode.  The 
pattern  was  1. 12  km  in  diameter.  As  with  foe  eiqpandlng  q)iral  search  pattern, 
there  were  sll^  yaw  perturbations  vdienever  foe  RPV  passed  through  due  north. 
These  perturbations  were  not  as  severe  as  seen  on  Flif^t  22. 

Four  praotioe  approaches  were  made  before  suooessfol  automatio  retrieval. 
This  was  the  first  flight  totally  operated  by  an  Army  flight  crew. 

3.4.26  Flight  28 

Aqnila  RPV  006  was  flown  auccessfolly  on  15  December  1976.  The  primary 
<fo)eotlves  of  foe  flight  were  to: 

e Demonstrate  system  (^eratlcm  to  a range  of  20  km 
e DemoMtrate  climb  pexformaace  to  2,740  m (9,080  fQ,  altitude  M8L. 
The  flight  pafo  is  depleted  in  Figures  14  and  15. 
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AU  fligint  test  objMttves  were  achieved  and  the  RPV  was  euoceesMly  recovered 
after  33  min,  29  aeo  of  Dnirlog  the  outbound  leg  at  a range  of  aigmud- 

matety  11.5  km,  the  RPV  began  the  same  tjnpA  of  n>ll/paw  ogrellng  that  ooourred 
during  FUidit  23.  IMa  aotkm  oontlnned  until  tim  RPV  turned  nortii  at  unqfpolnt 
04.  These  pertnrtMtions  did  not  ooour  on  the  leg  from  waypoint  04  to  05,  but 
started  again  b^ween  waypoints  05  and  06.  At  waypoint  05,  the  RPV  was 
approximately  20. 2 km  from  OCS.  At  this  range  both  the  uplink  and  downlink 
operated  satistaotorily. 

The  hiid^est  altitude  reached  was  2, 684  m (8, 800  fQ  M8L,  between  waypoints  06 
and  07.  At  this  point,  the  RPV  was  climbing  at  die  rate  of  90  m/rnin  (300  (|pm). 

Then  the  RPV  was  put  in  a sharp  dive  toward  waypoint  07.  The  imif- 

oated  airspeed  during  this  dive  was  188  km/h  (101  knots),  during  die  i 

pitch-down  maneuver.  Engine  rpm  at  this  time  waa  9, 000.  j I 


t 
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3.4.26  Fll{^29 

AquilaRPV 012  was  flown  saocessfuUy  on  21  December  1976.  The  primary 
objeotives  of  the  were  to: 

e Peifonn  a loiter  pattern 
e Perform  a squared  "S"  search  pattern 

e Determine  the  ability  of  the  pilot  to  perform  a retrieval  utilising  the 
RFV  <xdx)ard  video  camera  rather  than  the  groimd  video  camera/ 
cursor  oomUnatlon  (the  flight  path  Is  depleted  In  Figure  16) 

The  fllfd^t  test  objectives  were  achieved  and  theRPVwas  successfully  recovered 
after  49  min,  4 sec  of  flight.  RPV  automatlo  launch  and  waypoint  navigation 
were  normal  and  without  anomaly.  The  RPV  entered  Into  a rl|d^t-hand  loiter 
pattern  for  l-l/t  revolutions.  As  with  Flight  27,  the  RPV  e^qieneneed  slight 
]raw  perturbations  whenever  the  RPV  passed  a headlhg  of  due  north.  When  die 
search  pattern  was  Initiated,  the  vehicle  was  beyond  the  flrst  pattern  waypoint, 
WP  60.  As  shown  In  Figure  16,  the  vehicle  executed  a 180-deg  turn  and  re- 
turned to  the  correct  position.  The  pattern  had  a 3-km  period  and  a 3-km  width. 
Two  ftill  c3roles  of  the  pattern  were  flown  in  a westerly  direction.  The  shape  of 
the  pattern  showed  Improvement.  The  only  anomaly  was  an  overshoot  after 
oomjdetlon  of  a westerly  leg. 

Three  attempts  were  made  to  determine  die  feasibility  of  adilevlng  vehicle  final 
approach  and  retrieval  utUixlng  mity  the  RFV  onboard  video  camera.  The  first 
two  attempts  were  by  the  pilot  using  the  manual  autopilot  mode,  and  the  third 
by  the  RC  pilot  In  the  stabilised  RC  mode.  To  facilitate  Uiese  attempts,  an 
automobile,  wlUi  Its  headlights  on  high  beam,  waa  positioned  on  each  side  of  the 
vertical  retrieval  barrier. 

In  the  manual  autopilot  mode,  the  pllot*s  tetdmlqiie  waa  to  hold  the  commanded 
IA8  oonatant  and  to  alter  die  dirotUe  with  the  altitude  thumbwheel.  The  heading 
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rate  trlmmar  was  used  for  heading  oommanda  with  the  rate  command  ewitoh  in 
die  laannal  trim  poaltUm. 


A review  of  the  video  record  dlaoloaea  ihat  in  each  attempt  the  operator  first 
oriented  himself  relative  to  the  Drone  Test  Facility  maintenance  building,  ap- 
proximately 1 km  sooth  of  the  retrieval  area.  Achieving  orientation,  the  oper- 
ator then  proceeded  in  the  direction  of  the  retrieval  area.  The  first  indication 
of  the  retrieval  area  was  the  sun  reflecting  off  the  two  vans,  which  was  detect- 
able at  about  S km.  Because  of  the  spacing  of  the  vans,  their  reflections 
appeared  to  be  the  two  li|^ts  the  operator  was  looking  for.  Accordingly,  the 
operator  would  position  the  RPV  in  an  approach  path  for  the  vans.  At  approxi- 
mately 2 to  3 km,  the  actual  automobile  headlights  would  become  visible.  Then, 
the  operator  would  attempt  to  reposition  the  RPV  to  line  up  between  the  head- 
lights. Even  thout^  the  front  wheels  of  the  automobiles  were  elevated,  the 
automobile  headlights  were  diverted  silently  downward.  Therefore,  as  the 
elevation  angle  between  the  headlights  and  toe  RPV  changed  with  respect  to 
toe  ground,  the  intensity  of  toe  ll|^ts  changed,  as  viewed  by  the  RPV  video. 

The  greater  the  angle,  the  lees  intense  the  lights  appeared.  After  viewing  the 
video  recordings  several  times,  a viewer  was  able  to  predict  the  altitude  of 
toe  RPV,  relevant  to  toe  degree  approach  path,  by  toe  intensity  of  toe  headlights. 

It  became  apparent  that  this  concept  could  be  used  as  a backup  retrieval  method 
provided  toat  the: 

( 

e Approach  path  is  defined  independent  of  known  physical  landmarks, 
e.g. , Drone  Test  Facility  maintenance  building 
e Operator  is  trained  as  to  stoat  he  will  see  and  how  to  fty  into  the 
barrier 

A <|Bleker  orleatatlaa  by  toe  operator  m4^t  be  achieved  if  strobe  llf^ts  were 
used.  It  also  might  hety  if  narrower  beam  were  plaoed  beside  the  ground 
oamera  and  almsd  up  the  glide  slope. 
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3.4.27  FUgbts  80  Throiii^  37 

Items  left  umraUdatod  and  problems  remainlog  as  (rf  21  December  1976  included 
the  squared  "S"  search  pattern,  the  dead  reckoning  mode,  roU^raw  oscillations 
at  rai^s  In  excess  of  10  km,  evaluation  of  RPV  B engine  modlftoations,  develop- 
ment of  a standard  approach  pattern  for  retrieval,  and  performance  evaluation 
of  hi/lo  gain  antenna  switohover  at  5 km.  Table  5 lists  tim  objectives  and 
aeocmplishments  for  Flights  30  throu^  37.  These  were  scheduled  during 
Jamaxy  and  February  1977  to  complete  the  Phase  A fll^  teat  program  and  to 
provide  an  additional  training  opportunity  for  the  Fort  Sill  U.S.  Army  students. 
The  parachute  backup  recovery  system  and  Sony  TV  camera  were  installed  in 
the  RPVs  used  for  this  series  of  flights,  table  6 is  a summary  of  d\e  objec- 
tives, performance,  and  anomalies  associated  with  foose  flights.  The  d^alls 
of  each  flight  are  contained  In  die  following  paragraphs. 

TABLE  5.  FLIGHTS  30  THROUGH  37  - OBJECTIVES 
AND  ACCOMPLISHMENTS 

Flight 

Objective 30  31  32  33  34  35  36  37 

Software  change  evaluation 

Squared  "S"  search  • e 

Dead  reckoning/heading  hold  • • • 

Boll^raw  oscillations  see  • 

Standard  approach  patten  see 

Hi/Lo  gain  antwuia  switohover  at  5 km  • • 

RPV  change  evahutton 

New  carburetor  shaft  eeeeeeee 


a Objectives  accomplished 
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TABLE  6.  SUMMARTOF  FUGOITS  30  THROUGH  37 


Lilt  Up 


3.4.28  FUj^tSO 
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FUght  30  was  flown  on  19  Januaxy  1977  with  RFV  013  and  Version  19  software* 
The  primary  objective  of  the  fli^t  was  student  training.  Because  there  were 
no  LMSC  fli|^t  test  requirements  for  this  particular  fll(^t,  die  USAEPG  re- 
quested that  climb  and  descent  rate  checks  be  made  at  a 90  km^  airspeed.  The 
resultant  data  Indicated  a climb  rate  of  472  ft/nin  and  a descent  rate  of  205  ft/ 
min  at  a density  altitude  of  7,000  ft.  These  numbers  are  r^resentatlve  of  the 
RPV  performance.  The  mission  was  planned  on  the  west  range  primarily  as  a 
waypoint  mode  fli^t  with  waypoint  path  loiter  and  spiral  search  patterns  and 
some  manual  autopilot  ftylng  included.  All  automatic  functions  performed  well 
during  the  43-mln  fUj^t;  however,  the  RPV  magnetometer  failed  and  the  heading 
display  ceased.  A spare  unit  was  installed  after  the  flight,  and  it  operated 
properly  during  subsequent  flights. 

3.4.29  Flight  31 

Ol^ectives  were  to  continue  student  training,  to  check  the  dead  rednmingAexling 
hold  mode,  and  to  evaluate  ttie  *'roll  oscillation  problem"  at  a 15-km  range  with 
a 0. 5-sec  sampling  rate  for  the  heading-rate  filter.  RPV  013  was  flown  on 
26  Jaunaxy  1977  to  a range  of  15.5  km  over  die  east  range.  Total  fll|^t  time 
was  52  min.  The  wobble  problem  was  not  improved  by  merely  increasing  the 
■atnpUng  rate  from  1 to  0.5  sec;  therefore,  it  was  concluded  that  additional  soft- 
ware (dianges  were  required.  During  the  dead  reokoniug  mode  test,  dw  RFV 
flew  the  first  leg  properly  but  fhiled  to  turn  toward  die  second  leg.  A software 
error  was  found  to  be  the  cause  of  diat  anomaly.  Ihe  automatic  launcdi,  auto- 
matio  and  mamml  flii^t  and  semiautomatic  recovery  portions  of  die  system  func- 
tiooed  property.  During  the  last  praotloe  final  approach  and  planned  abort,  the 
RPV  drifted  between  the  net  and  the  OC8,  resulting  in  the  autotraok  antea« 
slewing  around  180  deg,  and  oausing  subsequent  downlink  xf  problems.  This 


sttuatloni  ultimately  resulted  in  a aoftware  change  which  vectors  the  RPV  away 
from  the  GCS  after  an  abort  from  the  final  ^^Pioaoh  mode.  Recovery  of  the 
RPV  was  normal  and  there  was  no  damage  to  the  RPV. 

3.4.30  Flifl^32 

Contiiiued  student  training.  Improved  squared  "S"  search  pattern  tests,  and  eval- 
uation of  the  downlink  antenna  polarization  (roll  oscillation)  problem  at  extended 
range  were  the  key  (4>]ectives  of  this  flight.  Flight  32  with  RPV  012  was  flown 
on  28  January  1977  for  47  min  over  the  east  range  to  a distance  of  18  km  and  at 
an  altitude  of  1, 100  ft  AGL.  Heading  oscillations  along  the  east-west  legs  be- 
yond 12  km  range  were  present.  Tbe  1-km  squared  "S"  search  pattern  was  im- 
proved by  a software  change  and  appeared  on  the  plotters  to  be  square  with 
rounded  comers.  All  system  elements  performed  well  from  launch  to  recovery. 
The  data  link  and  tracking  systems  performed  well;  however,  the  RPV  experi- 
enced diffioulties  maintaining  a steady  airspeed  of  92  km/h.  It  varied  from  90 
to  100  km/h  ftiroughout  the  flight.  Fostflight  checks  trf  the  airspeed  system 
found  no  anomalous  performance. 

3.4.31  Flight  33 

The  objective  of  Flight  S3  was  to  continue  the  training  of  Fort  Sill  students. 
RPV-tns  was  flown  on  8 February  1977  over  the  west  range  to  a distance  of  7 km, 
The  autoCraek  anteima  was  locked-np  on  a side  lobe  on  foe  launcher  and  required 
manual  slewing  to  regain  foe  main  lobe  after  launch.  Climbout  was  steep  due  to 
a strong  headwind  and  foe  STALL  indioator  was  on  for  3 sec.  The  RPV  system 
performed  well  in  foe  waypoint  and  manual  autopilot  modes.  Total  flight  dura- 
tion was  52  aJa  wlfo  three  praotiee  final  approaches  arifo  planned  aborts.  On 
two  of  foe  approaches  to  foe  outer  marfcar,  while  foe  erosswlads  were  18  to  SO 
km/h  from  880  dag  (00  dsf  aeroes  foe  nol|,  foe  RPV  was  hnffetod  along  foe 
track  such  foat  foe  spatial  position  fsr  sagagMasat  into  foe  final  approadi  mods 
was  marginal.  During  ons  of  foe  praotloe  approaches  and  flybys  <d  foe  GCS, 
foe  antenna  lost  track  wifo  foe  RPV  and  required  manual  slewing. 
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3.4.32  Flight  34 

The  objeotiyee  of  Flight  34  were  to  evaluate  Ibe  dead  reokonlng  navlgatioii  mode, 
to  evaluate  wajfpolnt  navigation  and  data  link  pexfoimanoe  at  a range  of  18  km 
and  to  oonttnue  training  of  Army  atudenta  as  eyatem  operators.  RPV  013  was 
launched  on  9 February  1977  with  an  8 kmA  tailwind,  which  occurred  late  In  the 
countdown.  Therefore,  the  olimbout  was  shallow  because  the  autopilot  directed 
die  RPV  to  inoreaae  relative  airspeed  to  that  which  was  commanded.  This 
launch  contrasted  wldi  Flight  33,  where  a strong  headwind  existed  and  the  RPV 
climbed  sharply  to  reduce  relative  airspeed  to  tiiat  which  was  commanded.  Be- 
yond a range  of  9 km,  roll/yaw  osolllatloiis  (wobble)  occurred  when  the  com- 
puter commanded  deg/ sec  heading  conunand  changes.  This  occurs  because 

of  a -IS  dB  depression  in  the  vldeo/telemetiy  antenna  pattern  whenever  the  RPV 
heading  look  angle  to  the  GCS  is  at  180  d^.  The  dead  reckoning  navigation  check 
was  not  completely  successAil  because  of  a software  error,  which  inverted  the 
sine  and  cosine  of  the  heading  commands.  The  RPV,  however,  responsed  within 
2 deg  of  the  erroneous  heading  commands.  Time  durations  of  the  three  dead 
reckoning  legs  were  acceptable.  An  overshoot  of  magnetometer  heading  during 
die  first  20  see  of  DR  was  due  to  initial  saturation  of  the  heading  integrator. 
Later,  an  Integrator  shunt  was  added  as  part  of  the  B Mods  to  the  flight  control 
electronics  package  to  correct  this  problem. 


Change  of  the  QC8  antenna  aslmuth  Idas  angle  significantly  improved  navigation 
accunoy.  The  syetem  produced  position  acouxacy  of  40  m,  exosptvdien  the 
RPV  to  GCS  look  angle  is  along  file  narrow  15  dB  depression  (180  deg)  in  file 

! i 

videoAelemetiy  antenna  pattern.  \ 

The  mean  altitude  error  was  -11  m wlfii  a 6 m,  Im  variation.  If  the  roll  rate 
commands  are  Umttsd  to  3 deg/aeo,  the  mean  aRitade  error  ia  expected  to  do- 
I crease  to -6  m with  a 4. S m,  l-<r  variation.  Pmrt  of  fills  error  ia  due  to  aide 

I slip  effects  on  file  static  pressure  port  readings  during  the  periods  of  toU/ytm, 

^ — — — 1 — — . 


Reduction  in  roll  mte  will,  in  turn,  reduce  thin  error.  The  nltltude  menaure- 
ment  control  onpeMlIty  demonstrated  by  this  fl4^t  indicated  tiist  RPV-OIS  is 
capable  of  meeting  qrstem  altitude  measurenoent  and  control  requirements. 
Total  lli^t  duration  was  53  min. 

3.4.33  Flight  35 

The  objectives  of  Flij^t  35  were  to  perform  a check  fl4^t  on  RPV  Oil,  to  eval- 
uate the  1-km  by  the  2-km  approach  pattern,  and  to  continue  training  of  Army 
operators.  This  was  the  first  flight  of  RPV-011  since  it  had  been  repaired  as  a 
result  of  the  parachute  descent  of  Fli^t  19.  Mission  was  flown  on  11  February 
1977  and  flii^t  duration  was  S3  min  to  a programmed  range  of  6 km.  Two  loiter 
patterns,  a spiral  search  pattern,  and  a 2-  by  4-km  squared  "S"  search  pattern 
using  the  SO-serles  waypoints  were  accomplished  successfully.  Waypoint  navi- 
gation and  autotraoking  were  aatiafaotory.  The  first  pattern  at  die  net  was  too 
low  and  final  approach  was  not  entered.  The  abort  mode  was  selected  at  a 
range  of  300  m,  thereby  commanding  die  hi^^er  altitude  of  WP  80.  During  this 
maneuver,  die  RPV  narrowly  missed  a retrieval  net  pole.  The  altitudes  of  WPs 
81  and  82  were  adjusted  hi^r  by  15  m,  and  the  subsequent  four  praotioe 
final  approaches  were  satisfactory.  Throughout  the  flight,  the  altitude  readout 
in  die  GCS  of  RPV  altitude  was  lower  than  programmed  for  the  flight;  however, 
the  altitude  error  ll|^t  remained  off.  RPV  Oil  was  never  flown  again  and  post- 
fli|^  sultoaae  check  of  the  vehicle  was  not  accomplished.  Therefore,  die 
altitude  anomaly  was  not  explained. 

3.4.34  Flight  36 

Flight  test  objeottves  of  Flight  36  were  to  evalnale  dead  reckoning  navtgatioii 
system  performanoe  after  the  siae/oosine  software  error  had  been  oorreeted, 
and  to  continue  training  of  Army  system  operators.  RPV-013  was  flown  on 
18  February  1977  to  a maximum  range  of  5 km  for  a total  fli|^t  time  of  42  min. 


The  RPV  deed-reokoBlng  navigation  wa«  satisfactory.  The  RFV  operator  ini- 
tiated the  dead-reokoning  mode  400  m before  (he  intended  waypoint,  and  the 
heading  integrator  was  saturated  due  to  die  bias  problem  discussed  in  the 
Flight  34  section.  These  tectors  caused  the  actual  dead-reckoning  flight  path  to 
deviate  from  the  planned  path.  Data  analysis  revealed  that  the  preprogrammed 
waypoint  locations  did  not  allow  the  operator  to  enter  the  dead-reckoning  mode 
at  the  proper  coordinates.  Fll^t  stability  and  timing  along  each  of  the  three 
dead-reckoning  legs  was  satisfactory.  On  completion  of  the  third  leg,  the  RPV 
exited  die  dead-reokoning  mode  automatically. 

3.4.35  Flight  37 

The  primary  objective  of  FRid^t  37  was  to  evaluate  Version  28  software  dianges 
made  to  Improve  the  roll  stability  problem  at  longer  ranges.  RPV-012  was 
flown  on  23  February  1977  to  18.5  km  over  the  east  range  on  a 44-mla  fll^. 
Some  Improvement  was  noted  beyond  a range  of  12  km;  however,  overshoot 
during  waypoint  turns  inorsased.  RPV  airqieed  fluctuated  flrom  85  to  100  kmA 
throu^ut  the  flight.  This  was  the  same  problem  retorted  on  die  last  filght 
of  RPV  012  (Fli|d>t  32).  During  postflight  oheoks,  a restriotlon  was  found  la 
the  pitot  lins  between  the  port  and  airspeed  transduoer.  Ilia  problem  no 
longer  was  present  <»  Flights  39  and  41. 

3.5  SUBfMABY,  CONCLUSIONS,  AND  RECOMICENDATIONB 

Ihls  seotlon  compares  the  objeottves  and  acoompHshments  of  Fli^ds  14  diroo|^ 
37  of  die  I%ase  A fli^^t  test  program  at  Fort  Huaohuoa.  Elements  of  dm  vytttm 
were  tested,  evaluated,  demonstrated,  and  validated  during  dds  phase  of  die 
program.  Upon  its  oonoloslon,  oertain  ^tangos  were  as  — — **rt«*r 

prior  to  tidtlaHon  of  the  Phase  B flight  tests  wtdi  saaBora.  Hwsa  dhaagaewera 
verlflsd  during  April  1977  fllglit  testa  on  modiflod  "A"  model  Aqulla  RPVb 
(fllidda  16  dueqgh  41). 


3.5.1  Launcher  system 

Alter  the  launcher  Incident  prior  to  Flight  14  (as  detailed  in  Appendix  B of 
Reference  2^),  Ihe  launcher  system  operated  nominally  on  all  flights.  The 
only  configurational  change  made  to  the  system  after  the  incident  was  the  addi- 
tion of  rollers  on  the  RPV  skeg  to  reduce  brinelling.  This  change  was  incor- 
porated for  Fli|^  24  and  succeeding  flighto.  Table  7 is  a summary  of  the  RPV 
air  speed  and  pitch  rate  after  each  launch  for  the  launches  performed  in  the 
automatic  mode. 

At  the  conclusion  of  the  Phase  A flights,  several  improvements  were  deemed 
necessary  for  incorporation  into  the  launch  system  prior  to  start  of  the  Phase  B 
flil^ts.  Those  "B"  modifications  were: 

e Starter  assembly  retractor  lock 
e Permanent  and  remote  ground  cooling  disconnect 
e Remote  electrical  disconnect  umbilical 
e Shuttle  redesign 
e Velocity  counter  improvement 

A more  complete  description  of  these  changes  is  given  in  Appendix  C to  this 
volume  and  Volume  II,  Section  5. 3,  Launcher  System  Evolution. 

3,5.3  Retrieval  system 

After  the  replacement  of  the  arrester  line  retrieval  eystem  wltii  Ihe  vertical 
barrier  ayetem  for  Fliidtt  15  and  succeeding  flights,  fliers  were  no  fli^  fail- 
ures attributed  to  the  retrieval  system.  Figure  17  shows  the  aoouracy  of  the 
RPV  impact  of  flie  vertical  barrier  net,  relative  to  flie  cursor  calibration  point, 
as  viewed  by  the  sensor  operator  for  flights  with  automatie  retrieval. 


(9  Lockheed  mssilea  it  syace  Cooqiany,  be. , 
CDRL  AOOD.  RPV-Ods  Oevelopmeut 


RPV  system  Thst 


(a)  All  UnmchiiigB  were  at  a launcher  preeeure  of  270  peig. 
(l^  Data  from  RPV  air  speed  system. 

(o)  Numbers  in  parendieses  = knots. 


3.5.3  Air  Vehiele  Peitownaiioe 

RPV  alnpeed  (In  straight  and  level  flight)  and  rates  of  ollmb  and  descent  data 
wift  and  wlflioat  the  drag  faraks  daplofad  was  ohtalped  on  Fllghta  16, 17, 18,  S< 
and  38  wtth  RFVa  008  and  Oil  under  oontroUed  conditions.  Figures  18  throu^ 
34  snaaniarlne  the  performance  <diaraoteristlos  of  duMW  flliditn.  These  data 
were  used  wlh  subsequent  fUidit  test  data  In  dstsrmlnlng  the  true  Aiqulla  BPV 
performance  region. 
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Figure  19.  EOmtt  ot  Attitude  on  Engine  BPM  (Level  Flight 
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Figure  20.  RPV  006  Rate  of  Cillmb  (100  km  A TAfi) 
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At  tte  Qonohislon  of  Ifae  I4uum  A fUi^ts,  aevenl  Improvemanla  wvn  dBtmtd 
WMWfffWTy  f6r  Inoorporatlan  Into  tbe  air  vnhlolM  prior  to  ntart  of  the  Fhaae  B 
fUi^,  Ihoee  "BF*  modlfioatlone  iieze: 

• Beloeatiaii  of  RPV  Moetver  antoflaa 

• FU^eontzolpaekage  ehuifee  for  buffer  olzoolt  addittons.  neer  aoodl> 
erometor.  euzfe  end  stetto  proteetlon,  TM  reohamwlleatlon , final 
approff^**  improvement  and  deletion  of  book  deployment  proviaions 

e Replaoenotent  of  aervo  motara 
e Replaoement  of  aooelerometer 
e Finaliaation  of  aborting  plug 
e Finaliaation  of  wiring  bameaa 
e Redeaign  of  akag  pin 

• Adding  eactemal  teat  oonneotor 
e Deletlim  of  pazaobute  ayatem 

• Belooatiitm  of  tracking  beacon 
e Bemounting  oomnumd  reoetver 

e Radealgning  dual  oazburetor  linkage 

• Improving  engine  aUgnment 
e Adding  ftiri  auotion  locdc 

3.5.4  Ifiaalon  Element  Performanoe 

Validation  of  the  varkna  mlaaion  fenotiona,  wife  the  exception  of  lanncdi  and 
retrieval  ayaiema,  waa  dependent  upon  validation  of  tte  aoftware  reqaired  for 
the  mlaaion  elemmt.  the  mlaaion  elemmita  idanned  for  validation  were: 

Waypoint  guidanoe 
Loiter  pattern 

Rxpandlng-qirtral  aeaxcb  pattern 
feptaxed  aeardi  pattern 
Moving-boK  aeardh  pattern 
Bead  radamlnf  navigation 


3.5.5  Wagrpoint  Gnldanoe 


Daring  tids  phase  of  tiie  fUi^t  test  pg^ogram,  the  wagrpoint  gaidaiioe  element 
performed  as  programmed  with  the  exoeptton  tiiree  tnstanoes  In  nhloh  die 
final  approaoh  wappoints  had  to  be  adlusted.  Ourtaig  dwoe  fU^its.  the  BPV 
never  failed  to  respoBMl  to  wappolnt  gnidmioe  Instruotions  nor  did  it  fall  to  reoog- 
nise  a waypoint.  In  fact,  on  sevenl  fli|^  die  RFV  operator  fUled  to  transfer 
out  of  the  manual  mode  until  after  a waypoint  or  a searoh  point  had 

been  passed.  In  eadi  ease,  the  RFV  returned  to  the  missed  waypoint  and  con- 
tinued on  die  preprogrammed  fU^t  path. 

Ihe  three  Instanoes  where  the  final  iqpproaoh  waypoints  had  to  he  adjusted  were 
Fll|^  20.  22.  and  35.  On  FU|^t  20  the  waypoints  were  Judged  to  be  too  high: 
and  on  FUi^ts  22  and  35.  too  low.  Two  factors  can  cause  die  RFV  net  to  he  at 
the  proper  attitude  for  retrieval.  Oim  oontributor  Is  a change  in  the  retrieval 
aite  pressure  altitude  from  that  programmed  for  final  igsproaoh.  This  diange  is 
a result  of  die  change  in  temperature  at  the  Ground  Control  Station,  from  the 
time  die  waypoint  inputs  into  the  oonqiuter  until  die  RFV  (which  files  pMSSure 
attitude)  enters  final  approach.  The  second  factor  is  die  least-slgnlfioant-blt 
(LSl^  range  in  altitade.  both  commanded  and  measured,  of  14.3  m (47  ft).  The 
LSB  does  not  remain  oonstant.  If  the  commanded  altitude  is  fluctuating  about 
one  of  the  extremities  of  the  LSB.  the  RFV  position  will  fluctuate  accordingly. 
The  combination  of  these  two  factors  oan  result  in  errors  in  die  final  approaoh 
positton  of  die  RFV.  On  each  of  die  oocaslons  when  altitade  adjustment  was  rs- 
qpdred.  die  maximum  adjustment  was  etpiivalent  to  two  LSB  ranges. 

3.5.6  Loiter  and  Expandlng-fltdrnl  Searoh  Patterns 

These  two  mission  elements  will  he  considered  togedier.  because  they  are  de- 
rivativee  of  die  same  baslo  software  eqnatkm.  As  noted  in  section  3.4  on 
Flights  22  and  23.  in  hodi  modes  die  RFV  experisnoed  a tendonoy  to  wander  in 
yaw.  These  perturbations  heeame  greater  whenever  die  RFV  was  flying  due 
north. 


100 


f 


llila  MBW  phMioiiMBM  WM  v^Mtod  at  Snui^valB  nsliig  the  LMSC  CNildailoe 
Laboimtoary  afatHiegr— -otf-ttaedom  analog  rtmulator.  Tlie  problem  wm  tinoed 
bedt  to  the  eoftaare  eqnaUoiu  nweqaetlon  dliMtetlieRFVto  llyapresorfbed 
redtoe,  eliiimr  eoMtaat  or  eagpernttiig,  ebout  > defined  waypoint.  Theequetton 
melntelne  the  peeeorlbed  redhie  fay  ooatimioiialy  eempllng  tiw  relettonefaq)  of 
the  RFV  to  the  weypolnt.  Ae  wltb  any  eqwitioa  deaoxlliiag  a movtag  radiiu  around 
Ita  center,  at  aome  point  the  polar  angle  of  ttte  radtiia  muat  return  to  ita  ortgin. 

For  the  loiter  and  eapandtng  apiral  aeardi  pattemi^thle  point  occurred  when  the 
RPV  waa  poettiooed  due  north.  The  equation  waa  changed  to  require  more  data 
polnta  to  eatahliah  the  RPV  radial  poaltlon  relative  to  tiie  waypoint  center.  Thia  I 

Inoreaae  in  data  eampitng  reanlted  in  a amoothlng  oi  die  RFV  padi.  This  revieed 
eoftware  waa  flown  on  FUgfits  M,  27,  29, 80,  and  85.  The  effect  of  the  smoodilag 
j waa  to  eliminate  all  RPV  waypoint  pertuibatloae  eaoept  fbr  a very  aliid^t  tendency 

of  yaw  wander  at  the  due  north  poeition.  Ihia  reehhial  yaw  motion  ia  not  of  auf- 
ficient  magnitude  to  affect  the  RPV  miaaiott  element  perfomumce. 

3.5.7  Squared  '*9'  Search  Pattern 

Evaluation  of  the  aquared  ' aearoh  pattern  eoftware  was  made  initially  during 
FUgfat  84;  however,  die  pattern  waa  not  equare.  Figure  11  ahowa  dbe  'Wahed- 
in”  aidea  and  rounded  ende  which  were  ofatained.  The  eoftware  waa  revieed  and 
the  pattern  reflown  on  Fli^a  26  and  87.  Figuree  12  and  13  indicate  some  im- 
provement but  not  to  an  acceptable  level.  The  software  was  revised  again  and 
die  pattern  performed  on  Fli^t  89.  Further  improvement  waa  reaUaed  but  die 
sides  atm  were  not  square  due  to  enoeaaive  overshoot  in  die  turns.  A final 
reviaion  to  that  portion  of  the  software  prodnoed  an  acceptable  pattern  on  FU^ 

32.  The  Bides  were  square  with  rounded  t(^.  Therefore,  the  squared  "S" 
pattern  software  was  validated. 


3.5.8  Bfoving-BoK  SearOh  Pattern  ead  Dead-Redconlng  Nevigntion 

Because  of  Its  low  priority,  the  validation  of  the  moving-boa  search  pattern  was 
postponed  until  the  sensor  validation  fl^d^t  test  phase.  Problems  in  development 
of  GCS  and  RFV  hardware  to  ^eot  command  terminathm  (tone  control)  of  the 
dead-reckoning  mode  delayed  further  testing  of  this  system  fbature  for  range 
safety  considerations. 

3.5.9  Software 

Evolution  of  the  software  was  a contlnaal  task  in  support  of  the  fli|d>i  test  pro- 
gram. Wldi  the  resumption  of  fli^dit  testing  on  13  September  1976  and  the 
start  of  Phase  A,  a software  version  tuimb«r  was  assigned  to  the  master  tape. 
The  version  number  increased  wldi  each  revision.  By  die  conclusion  of  die 
Phase  A flight  tests  widi  Flight  37,  the  software  was  at  Version  28.  All  of 
the  software  programs  had  been  validated  at  that  time  except  for  the  moving- 
boK  search  pattern,  dead-reckoning  navigation,  and  payload  (sensor)  functions. 

At  the  conclusion  of  die  Phase  A fll0its,  several  software  Improvements  and 
problem  resdutioiis  were  deemed  necessary  for  Inooxporatlon  prior  to  start  of 
the  Phase  B flig^.  These  "F*  changes  were: 

e Final  ^nnoaoh  criteria 
e Dead  reckoning  criteria 
e BoUAvw  stability  improvement 
e Computer  protection  from  power  failure 

3.5.10  Data-Llnk  Performance 

Data-Unk  performanoe  was  evaluated  at  olose  range  (0  to  5 km),  intermediate 
range  (5  to  15  km),  and  long  range  (15  to  20  km).  As  a result,  die  data-Unk 
system  went  diroutd*  two  cycles  of  changes  to  arrive  at  die  present  configuration. 
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^loh  bM  been  aatlsfnotorllsr  validated.  The  first  major  dealg^n  obanges,  re- 
sulting from  the  fll|^  tests  at  Crows  Landing,  involved  data-llnk  system  oom- 
patltdlity  type  changes.  The  second  set  of  changes  resulted  from  the  Phase  A 
testing  at  Fort  Huaohuoa  and  was  Implemented  into  the  hardwan  prior  to  tibe 
I^ase  B flight  testing.  These  ohanges,  labeled  the  '*B"  changes,  were  based 
on  a desire  to  increase  the  link  margin  of  the  data-llnk  ssrstem  and  to  Inqprove 
the  tracking  performance  of  the  low  gain  antenna  tracking  loop.  These  ohanges 
were: 

e Antenna  ooivlers 

• Antenna  wind  protection  j 

e Increased  command  antenna  gain 

e Improved  low-gain  tracking  1 

I } 

e Tracking  antenna  scan  converter  modlfioations 

e Minor  lobe  looking 

e Relocated  BPV  receiver  antenna 

Tables  8,  9,  and  10  show  the  link  analysts  for  three  data-link  versions.  A more 
detailed  explanation  of  the  evolution  of  the  data  link  can  be  found  in  Volume  n, 

Section  4. 6,  Data  Link  Elements  Evolution. 


3.5.11  Ground  Control  Station 

^y  the  end  of  the  Phase  A fUf^t  test  prc^ram  at  Fort  Huaohuoa.  all  of  the  GCS 
<9erathmal  features,  except  for  RPV  poeitionlng  accuracy  and  sensor-related 
Amotions,  had  been  validated.  RPV  position  accuracy  had  not  been  validated 
becaase  of  a discrepancy  between  GCS  tracking  data  and  AN/FPS-^16  tracking 
data  and  tihe  roll/ywir  stability  problem.  A tracking  antenna  aslmudi  pointing 
error  or  apparoxlmatety  1 deg  was  noted,  and  the  sonroe  of  die  error  has  not. 
been  found.  Tteo  posslblltties  were  (1)  an  error  in  site  layout  at  fltjreamore 
Canyon,  or  <S)  a misalignment  between  die  optloal  and  zf  boresights  of  the  trank- ' 
ingntemm.  After  oompletlon  of  the  Phase  A flights,  a sufHotent  statintieal 
sampis  of  difn  was  derived  and  a new  antenna  oorreotlon  angle  was  pliBSd  In 
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TABLES.  LINK  ANALYSIS.  ORIGINAL  DATA  LINK 


Uidink 

Command  Tranamltter  Power  (10  W) 

Tranamit  Antmua  Gala 

8pmM  Loaa  (20  km) 

Polarlaatlon  Loaa 

Aixboxna  Receive  Antenna  Gain 

Receiver  Senaitlvity 

440  dBm 

412  dBl 
-133  dB 
-3dB 
-10  dBl 
-(-68)  dBm 

Fade  Margin: 

-29  dB 

Downlink 

TM 

Video 

Video  Tranamltter  Power  (10  W) 

Tranamit  Antenna  Gain 

Space  Loaa  (20  km) 

Pdburlaatlon  Loaa 

Ground  Receive  Antenna  Gain 

Receiver  Senaitlvity 

440  dBm 
-15  dBl 
-133  dB 
-3  dB 

424  dBl 
-(-761  dBm 

440  dBm 
-15  dBl 
-133  dB 
-SdB 

424  dBl 
-(-821  dBm 

Fade  l^urgln: 

-11  dB 

-5  dB 

TABLES.  LINK  ANALYSIS. 

"A**  CHANGES 

Command  'nranamttter  Power  (10  W) 
Tranamit  Antenna  Gain 
Sipaoe  Loaa  (20  km) 

Polarlaatlon  Loaa 
Airborne  Reoetve  Antenna  Gain 
Receiver  Senalttrlty 


440  dBm 
412  dBl 
-133  dB 
-3dB 
-7  dBl 
-(-94>dBm 


Fade  Mugln: 


43  dB 


Downlink 

Video  Tranamltter  Power  (10 
Tranamit  AafeeHHi  Gain 
flipaoe  Loan  (10  km) 
Polarlaation  Loaa 
Qroond  Raoalvw  AaSanaa  GaNi 
Raoelver  Sanalttrllgr 


TU  Video 

440dBm  440dBBi 

-7  dBl  -T  dBl 

-133  dB  -ISS  dB 

0 dB  0 dB 

424  dBl  4M^B1 

zidmm. 


Fade  Maxgla: 


40  dB 


ANALYSIS.  "B**  CHANGE  FINAL  CONFIGURATION 


Command  Tnuiamitter  Power  (10  W) 
Tranamit  Antenna  Gain 
Sipaoe  Lone  (20  km) 

PolarlaaAion  Loaa 
Airborne  Reeetve  Antenna  Gain 
Reoelvier  Sensitivity 

Fade  Maigln: 


Downlink 

Video  Transmitter  Power  (10  W) 
Transmit  Antenna  Gain 
Sipaoe  Loaa  (20  km) 

Polarisation  Loaa 
Ground  Beoeive  Antenna  Gain 
Reoelver  Senattlvlty 


Fade  Margin: 


440  dBm 
424  dBl 
-133  dB 
OdB 
-lOdBl 
-f-94)dBm 

415  dB 


440  dBm 
-7dBl 
-138  dB 
0 dB 
424  dBl 
-(-881  dBm 

412  dB 


Video 

440  dBm 
-7dBi 
-133  dB 
Odb 
424  dBl 

48  dB 


the  aoflware  program.  Thla  poaitlon  Inaccuracy  contributor  wae  thereby 
eliminated,  leaving  only  the  roll/yaw  stability  problem  contribution.  Prior  to 
start  of  the  Phase*  3 fH^its,  several  ”B"  modifications  to  dm  GC8  were  deemed 
neoesaaiy.  Tliose  were: 

• K)ok  and  parachute  control  switch  deletion 
e InfUidit  diagnostic  panel  addition 

• Dead-reckoning  tone  oorreotlmi 

• Second  Topes  voltage  regulator  addition 

• Sensor  panel  ingnrovements 

• Waypoint  display  nolss  redaction 

• Failsalh  lannoh  veloolty  addition 

• iBtexoom  buflisr  and  wiring  Inqprovements 

• Shelter  waterproofing 

Volume  II.  Section  4. 6,  GCS>Oata  Link  Elements  Evolution,  contains  a dlsotts- 
slon  GC8  related  problems  and  correotlve  actions. 


3.5.18  Prooedures 


IXurtiig  tile  course  of  fillet  testing,  procedures  were  being  updated  and  improved 
constantly.  At  tiie  ocmolusion  ot  the  Fort  Huaohuoa  Phase  A flight  testing,  a 
valid  set  of  procedures  was  in  use  by  both  the  LMSC  test  team  and  the  Army 
test  teams.  These  procedures  covered  site  setup,  prelaunch  checkout,  flight 
planning,  fli^t  operations,  and  postfUg^t  operations.  Discrete  procedures 
related  to  the  sensor  validation  phase  were  not  included  in  the  procedures  but 
were  planned  for  completion  during  the  Phase  B sensor  flight  test  program. 

3.S.13  Test  Team  Training 

Using  ttie  aforementioned  procedures,  and  additional  trainii^  aids,  tiie  LMSC 
test  and  training  team  provided  classroom  and  OJT  to  a U.S.  Aimiy  fUf^t  test 
team  from  Fort  Sill,  Oklahoma.  The  success  of  this  training  can  best  be  mea- 
sured by  the  fact  tiiat  this  team  conducted  tiie  final  12  flints  of  the  Phase  A 
test  program. 


Section  4 

PHASE  B TESTING  - FORT  HUACHUCA 

The  Phase  B Contractor  flight  test  program  at  Fort  Huachoea  started  on  1 April 
1977  with  Fllfdit  38  and  concluded  on  10  July  1977  with  Flight  65.  One  air  vehicle 
(RPV-015)  was  lost  due  to  operational  errors.  The  first  ftmr  filets  were 
planned  primarily  as  "B"  modification  check  flights  to  validate  some  of  the 
more  critical  changes  incorporated  into  "A"  model  aircraft.  Ihe  remaining 
flints  used  RPVs  014  through  017,  which  were  the  "B"  model  aircraft.  These 
flights  were  primarily  sensor  validation  flints  but  did  incltide  objectives 
associated  with  resolution  of  open  Phase  A problems,  validation  of  the  "B" 

modifications  to  the  Aquila  system  and  qualification/certification  of  Anny  crews.  The  Phase  B 
validation  test  program  was  planned  for  completion  by  the  end  of  June  1977  and  so  that  the 
Army  flight  test  programs  by  the  Electronic  Proving  Grounds  and  the  Field  Artillery  Board 

could  be  completed  in  a timely  manner,  a prioritized  set  of  sensor  system  flight 
test  objectives  was  developed.  Those  objectives,  ordered  below,  are  shown 
graphically  in  Figure  25. 

• Army  crew  qualtficatian  demonstration 

• Target  designation  demonstration 

• Target  location  demonstration 

• Stabilized  sensor  and  autotrack  demonstration 

• Artillery  adjustment  mission  demonstration 

• Target  detection  and  recognition  demonstration  with  a stabilized  sensor 

• Target  detection  and  recognition  demonstration  with  an  unstablllzed 
sensor 

• Fhoto-reoonnaissanoe  mission  demonstratian 

In  addition,  several  Aquila  ssrstem  <^rational  features  from  the  Phase  A flight 
test  program  remained  to  be  validated.  Those  were: 

e RPV  position  accuracy 
s Dead-reckoning  navigation 


Figure  25.  AquUa  Sorles-B  Fll|^  Test  Objectives, 


• Moving  box  seuroh  patten 

• Data  link  at  gO-fan  range 
a Croaa-wlnd  recovery 

a Standard  approach  patten 

a "B**  modlflcatlona  to  the  RFVa,  QCS,  and  Lannoher 

4.1  FACILITY 

'Ae  Phase  B BPV  flints  were  accomplished  from  the  same  S|]reamore  CaiqraB 
: site  used  for  the  Phase  A fUghta.  The  Phase  B program  Included,  however, 

some  sensor  and  GCS  modification  check  flights  with  the  U-lA  Otter  aircraft. 
Additional  fodlltles  used  extensively  during  sensor  tests  were  the  Spatial 
j Resolution  Facility,  the  Radar  l^ke  Facility,  the  East  Range,  and  the  Uhby 

Army  Airfield  taxiway  for  laser  boresi^tlng. 

4. 1. 1 S^Mtial  Resolution  Facility 

1 

During  die  Phase  B sensor  filths,  the  spatial  resolution  target  on  the  east 
range  was  used  for  assessing  Phase  1, 11,  m,  and  IV  sensor  qwtlal  resoluttn 
and  distortion  capabilities.  The  facility  covers  a 4-aore  area  and  consists  of 
I a flat  concrete  surface  forming  fiiree  wedges.  Each  wedge  is  678  ft  long  and 

I approxlinately  200  ft  wide  at  the  open  end.  Two  of  the  wedges  have  painted 

\ triplet  bars  for  quitlal  resolution  measurements. 

4. 1. 2 Radar  S^ke  Facility 

t 

Also  located  on  the  east  range  is  die  Radar  l^ke  Facility,  which  Is  normally 
used  to  measure  the  range  and  asimuth  resolution  of  test  radar  simnltaneoaaly. 
The  radar  i^ioke  consists  of  four  arms  that  meet  at  ri{|^  angles.  Along  eaoh  of 
the  four  arms  are  143  site  posts  spaced  at  Increasing  distances,  ranging  from 
1 m near  the  qMX  to  a nuudmum  of  512  m at  die  ends  of  the  arms.  This  fiUdllty 
was  used  during  die  Phase  B sensor  fUf^  testa  because  of  its  known  location 
and  geometry  and  ease  of  long-range  detection.  Target  vehicles,  r^eetor, 
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and  scoring  boards  were  placed  diere  for  evaluating  laser  hit  scoring  and  GCS 
readouts  of  target  position  and  altitude  during  TAG  and  E^e  Safe  laser  opera- 
tions with  both  the  Aquila  RPV  and  the  Otter  as  sensor  carriers. 

4. 1. 3 Aquila  Otter  Ccmflguratlon 

Anny  U-IA  Otter  aircraft  92222  was  modified  under  separate  Army  contract 
by  LMSC  to  include  electronic  portions  of  the  Army  Aquila  RPV  system.  This 
configuration  permitted  Army  personnel  to  cerate  the  Aquila  RPV  system  as 
flioui^  a functional  RPV  were  flying  instead  of  a manned  aircraft.  Operatl<m 
of  file  C-band  telemetry  data  link,  payload  sensor,  altimeter  and  airspeed 
trr^sdncers,  magnetometer,  vertical  (gyro,  Olgbt  contnds  electronics  package, 
and  other  necessary  airborne  system  elements,  gave  the  appearance  to  die 
GCS  operators  that  a real  Aquila  RPV  was  flying  under  their  command  authority. 
The  aystem  elements  were  arranged  in  the  aircraft  as  shown  in  Figure  26. 
Photograidis  of  ma]or  portions  of  the  actual  equipment  installations  in  the  Otter 
aircraft  are  shown  in  Figure  27. 

The  pilot's  steering  Indicator,  as  shown  in  Figure  26(a),  displayed  the  heading 
rate  commands  that  are  normally  fed  to  the  RPV  autofdlot.  Ri  responding  to  the 
steering  indicator  needle  commands,  the  pilot  Introduced  turns  to  fly  the  air- 
craft as  commanded  by  the  RPV  operators  or  the  GCS  oonqMiter. 

The  RPV  fll^  control  electronics  unit,  data-llnk  equ^nnent,  and  payload  sen- 
sor equ^nnent  were  Installed  in  the  Otter  aircraft  as  shown  in  Figure  27(b). 

The  payload  sensor  installation  plate  was  hinged  at  the  forward  edge  to  allow 
the  sensor  to  be  retracted  into  die  aircraft  when  not  in  use  or  during  takeoff 
and  landiiig  operations,  bternal  and  eatemal  views  of  a payload  sensor  in  die 
estended  position  are  shown  in  Figures  27(o)  and  27(cl),  respeodvely. 

No  ohaages  were  made  in  the  Aquila  GCS  to  accommodate  the  Aquila  Otter  air- 
oraft  sSTfltem  emept  for  relatively  minor,  but  vital,  dhanges  in  die  standard 
AqnOa  software.  The  Otter  was  generally  used  as  a minimum  risk  GCS  open- 
tor  traiaiag  and  hardware  dhedkout  opportunity.  Both  flight  hardware,  GCS 
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Figure  >6.  AquUa  Otter  Eqmpment  teeteneHon  DUgrein 
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I hardware,  and  software  could  be  validated  prior  to  committing  the  equipment 

to  an  RPV  fillet. 

I 4.1.4  Laser  Boreslght 

I Boresighting  <f  die  Phases  IV  and  V Eye  Safe  and  TAG  lasers  was  accomplldied 

I ' prior  to  every  RPV  and  Otter  laser  designation  flight  for  two  reasons.  First, 

f it  was  a requirement  of  the  LMSC  prepared  range  safety  plan.  Second,  the  con- 

I ' tractor  desired  to  obtain  a history  of  the  boresl^t  alignment  degradation  result* 

I ing  from  the  launch,  flight,  and  retrieval  environments.  As  boresi^t  alignment 

j techniques  and  procedures  were  improved,  the  results  became  more  consistent. 

No  degradation  in  boreslght  alignmoit  was  found  as  a result  of  the  last  few  laser 
designator  RPV  tU^ta,  Alignment  adjustments,  from  necessity,  had  to  be 
accomplished  over  a slsable  distance.  One  of  the  taxi-wasrs  at  Libby  Army 
Airfield  was  generally  used  for  boreslf^t  alignment.  The  LMSC  laser  scoring 
board  was  utiliaed  for  this  task.  This  device  is  an  active  quadrature  detector  in 
die  TAG  laser  wavelength  band.  Visual  annuclators  are  displayed  when  the 
impinging  laser  energy  falls  on  the  respective  quadrant.  A hand-held  laser 
viewer  was  also  used  to  verity  proper  altynment  of  the  TV  optics  and  laser  bore- 
sl^t  on  the  score  board.  Whenever  the  TAG  laser  was  fired,  all  crew  mem- 
bers were  required  to  wear  laser  safety  goggles.  To  prevent  stray  laser  energy 
from  leaving  the  immediate  work  area,  an  arrangement  of  safety  baffles  was 
deployed  around  the  sensor.  The  USAEPG  range  operations  organizatimi  pro- 
vided all  safety  personnel  and  equipment  for  these  boreslghtlngs. 

On  several  oooaalona,  during  the  initial  checkout  of  the  Phases  IV  and  V aen- 
sora,  greater  distances  were  required  for  sensor  checks.  Behind  die  mainte- 
nance building  at  the  Drone  Test  Facility  is  a canyon  wldi  a lidgellne  1 km  away. 
The  sensor  was  set  iq>  behind  the  building  and  aimed  at  die  scoreboard  or 
reflector,  which  had  been  placed  against  the  slope  1 km  away.  The  coordinates 
and  elevation  of  eadi  spot  were  known  frmn  a prior  survey;  therefore,  sensor 
I derived  detormlnadon  of  target  location  and  elevattcn  could  be  evaluated  prior 
I to  scheduling  flii^t  tests. 
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4.2  HABDWABE  DESCRIPTION 


At  the  OQDoluelon  of  the  Phase  A flle^t  test  program  with  the  "A"  model  aircraft, 
a number  of  required  hardware  and  software  changes  had  been  defined.  Those 
changes,  labeled  "B**  modifications,  are  listed  In  Appendix  C and  were  Incor- 
porated Into  the  014  and  up  RPVs.  As  cited  In  section  3.5  almost  all  parts  of 
the  Aqulla  system  hardware  were  affected.  Because  of  the  addition  of  the  sen- 
sor and  sensor  electronics  assemblies,  some  RPV  hardware  had  to  be  relocated 
or  eliminated.  The  electronics  battery  was  moved  aft  (from  the  ballasting  posi- 
tion) to  its  original  design  position  beside  the  flight  control  electronics  package. 
The  radar  beacon  was  also  moved  aft  to  accommodate  the  sensor  hardware.  The 
paradiute  system  was  eliminated,  because  of  the  hlc^  level  of  Aqulla  system 
reliability  attained  and  the  weight  Umltatlcms  Imposed  with  a sensor  system  In 
the  RPVs.  The  "B**  model  RPVs  reqioired  a different  series  of  ballast  weights 
because  of  the  additions,  removals,  and  repositioning  of  vehicle  hardware. 

Five  different  sensor  models  were  evaluated  during  the  Phase  B flU^t  test  pro- 
gram. The  Phase  I sensor  provided  real-time  video  surveillance  from  an 
unstabiliaed  TV  camera.  The  Phase  K sensor  provided  an  additional  35-nun 
fixed  camera  with  variable  frame  rates  for  subsequent  detailed  'Image*  Inter- 
pretation. No  other  sensor  model  contained  a film-type  camera.  The  Phase  m 
sensor  provided  a stabiUaed  TV  camera  for  target  aoquisltlon  with  a video 
tracker  for  continual  target  tracking. 

The  Phase  IV  and  V sensors  provl^  file  Phase  m ftmotlons  plus  a laser  range 
finder.  The  Phase  IV  sensor  is  used  for  artillery  adjustment  by  first  illumina- 
ting the  target  and  detecting  the  laser  return.  The  coordinates  and  range  of  the 
target  are  fim  determined.  Once  a oonventicnal  round  Is  fired,  file  dlaplaoe- 
ment  between  the  Ingmot  and  target  la  determined  by  pinpointing  the  point  of 
Impact  wlfii  a cursor.  The  miss  distance  Is  diaplayed  In  fiie  GCS  for  artillery 
adjuataasaf.  The  Phase  V sensor  adds  a code  module  for  setting  the  oode-of- 
the-day  late  fiie  two  aeleotable  high  laser  pulse  rates.  Alter  determining  fiie 
position  of  ttM  target  at  a low  pulse  rate  as  with  the  Phase  IV  sensor,  a laser- 


guided  projectile  can  be  lannohed.  The  pulae  rates  are  used  for  designat- 
ing the  target  and  guiding  the  laser-seeking  homing  projectile,  ^ch  detects 
the  reflected  laser  energy. 


4.3  TEST  APPROAC^/PLAN 

The  Phase  B fl4^  test  program  began  on  1 ^rll  1977  with  Fli^  38  of  RPV- 
013.  The  first  four  flis^s  of  this  series  utilized  "A"  model  RPVs,  uhlch  had 
been  modified  with  some  of  die  more  oritloal  elements  of  the  "B"  modlfioatiQns. 
The  GSCS  had  been  modified  during  the  month  of  Mandi  witii  all  of  the  "B**  modi- 
fications. The  first  four  RPV  flights  were  for  the  purpose  of  evaluating  the 
effects  (rf  the  more  critical  changes  on  RPV  and  data-llnk  performance.  Table  11 
lists  the  objectives  of  the  entire  Phase  B flight  test  program.  As  can  be  seen, 
the  objectives  of  the  first  four  flights  included  evaluation  of  the  new  RPV  accel- 
erometer, modified  RPV  dual  carburetor,  new  RPV  propeller,  relocated  RPV 
command  antenna,  GCS  antenna  changes,  software  changes,  standard  approach 
pattern,  and  dead  reckoning  changes.  A new  closed-loop  servoed  accelerometer 
had  been  added  because  the  original  model  tended  to  stick  with  wear  and  innduce 
undesirable  effects  during  fii^t.  The  old  blade-type  command  antenna,  which 
had  a poor  record  of  survival  during  retrieval,  was  relocated  to  the  original 
position  at  the  bottom  of  the  propeller  duct  and  changed  back  to  the  original 
type.  Evaluation  of  RPV  climb  and  descent  rates  and  mmriminw  speed,  after  the 
engine-related  modifications,  was  an  objective.  These  changes  included  a new 
engine  mount,  dual  carburetors  mounted  on  a new  Induction  manifold  (in  vertical 
tandem),  and  a new  propeller.  Evaluation  of  the  modified  ground  station  an- 
tennas and  related  software,  which  implemented  high/low  gain  switchover  at 
5 km,  was  planned.  The  original  GCS  command  antenna  was  used  for  ranges 
less  than  5 km;  die  command  and  telemetry  links  were  multiplexed  through  the 
dish  antenna  (with  added  parasltio  element  and  preamps)  in  excess  of  5 km. 

Open  items  from  the  Phase  A fll|^t  tests  included  oross-aind  recovery  dmnon- 
stratlon,  heading  hold  and  dead  reckoning  validation,  resolution  of  the  roll  oscil- 
lation problem,  and  develqianent  of  a 1-  by  2-km  approach  pattern  suitable  for 
use  at  Fort  Sill. 
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TABLE  11.  PHASE  B FIJGHT  TEST  OBJECTIVES  AMD  ACCOMPIJSHMEMTS 


The  remainder  of  the  flight  test  program  was  directed  toward  resolution  of 
prdblmns,  check  flights  of  new  014  and  "B"  model  RPVs,  validation  of  the 
five  sensor  types,  and  training  of  U.S.  Army  students.  A verification  flight  was 
first  made  with  each  new  RPV  with  a Sony  camera  raUier  than  a cost^  sensor 
asrstem. 

4. 3. 1 Sensor  Sirstems  Demonstration  and  Validation  Program 

The  sensor  fli|^  demonstration  and  validation  program  was  planned  as  an  inte- 
grated Otter  and  RPV  flight  test  program.  This  approach  afforded  the  oppor- 
tunity to  check  the  performance  of  the  sensor  and  to  train  boA  LMSC  and  U.  S. 
Army  operators  in  a minimum  risk  environment.  The  Otter  fllcd>ls  beoame 
dress  rehearsals  for  the  RPV  flights  and  also  provided  a means  for  verlfioatlan 
of  software  programs  and  GCS  performance.  The  itoin^oaoh  taken  in  planning 
the  smsor  flints  was: 

e Plan  fli(^ts  with  high  commonality  of  factors  to  develop  operator 
proficiency  and  reduce  mission  planning  workload, 
e Progress  from  the  least  congtlex  to  the  most  complex  missltm 
to  benefit  from  operator  training, 
e Utilize  the  Otter  aircraft  to  develop  proficiency*  software* 
and  hardware  confidence  with  mteimai  risk  prior  to  RPV  fllj^. 
e Flan  missions  to  minimize  operator-induced  results, 
e Keep  test  objectives  single  and  s^mrate  -i.e.  * deteotlon- 
reoognltlon  separate  from  location, 
e Use  post-fllgfat  analysis  of  video  and  data  tqies  to  produce  results 
rather  than  real-time  data. 

• Plan  each  mission  to  aooomplldi  aU  aapeots  of  sensor  perfomumoe; 
i.e.  * all  Phase  I sensor  fll|^  Identloal  and  complete. 

Figure  28  shows  the  Otter  and  RPV  filf^ts  planned  and  accomplished  during 
April,  May,  and  June  1977.  During  these  flights,  military  vehicles  were  set 
up  as  cued  rosd-and-fleld  targets  on  the  east  test  range.  Cued  targets,  vdiere 
foe  type  sad  location  were  previously  known  Iqr  foe  sensor  oporator,  were  used 
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Figure  28.  Aqulla  Serles-B  FUght  Test  AccompUshments 


to  focos  atte&tioa  on  evahiatton  of  the  equipment  and  determination  of  its  capa- 
bility rattier  ttian  on  the  combination  of  man  and  equipment.  It  was  expected 
that  detection,  recognition,  and  identlfloation  ranges  would  be  greater  than 
wittiout  oued  targets.  Ihree  standard  fUj^t  paths,  each  with  favored  target 
looattons,  were  developed  over  the  east  range  for  the  Otter  and  RPV  fli^d^ts. 
These  flight  paths  carried  the  aircraft  over  or  near  predetermined  target  loca- 
tions or  known  landmarks,  such  as  the  radar  spoke  and  spatial  resolution  facil- 
ity. Figure  29  shows  the  target  detection-recognition  patterns  flown,  and  ttie 
road  and  field  target  locations  used  for  evaluating  Phases  I,  m,  IV,  and  V 
sensors.  Figure  30  shows  the  patterns  flown  and  areas  mapped  with  the  Fhasell 
sensor  and  camera.  Figure  31  shows  the  patterns  flown  for  the  laser  fUc^ts, 
the  target  locations  lased,  and  the  loiter  patterns  from  which  lasing  was 
aeoomplished. 

4.3.2  Sensor  Sjjrstem  Demonstration  and  Validation  Program  Objectives 

Objectives  of  the  sensor  system  flight  demonstration  and  validation  test  pro- 
gram were: 

1.  Determine  sensor  operating  limits  and  capabilities  by  measuring: 

• Phase  I Sensor 

-Detection  range  against  tank-sized  targets  at  road  and  field 
locations 

- Reoognitl<m  range  against  tank-sized  targets  at  road  and  field 
locations 

- fiystem  resohitton 
e Phase  n Camera 

— Pa  sift  photographic  ciqiabllities 

- Remote  control  and  frame  count 

- Post-mission  data  readout 

• Phase  m Sensor 

-Same  video  senaor  performance  parameters  as  Phase  I ddgher 
performance  vidaes) 
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POSITION 


Flight 


iPOSiTiON 


- Ltne-cf-sii^  stabilisation 

- Aototraoker  perfonaaaoe 
• Phase  IV-V  Sensor 

-Same  video  sensor  performance  as  Phase  m 

- Same  stabilization  and  tracking  performance  as  Phase  IH 

- Laser  target  designator  performance 

- Laser  ranging  accuracy 

- Target  location  accuracy 

- Target  elevation  accuracy 

- Burst  offset  accuracy 

2.  Demonstrate  int^rated  sensor-RPV-GCS  system  with  tactical  mission 
capabilities. 

3.  Determine  performance  or  design  areas  needing  further  refinement. 
4.4  RESULTS 

Flights  38  through  41  were  accomplished  during  April  1977,  with  modified  "A" 
model  RPVs  and  "B"  model  ground  control  station  and  launcher.  These  flights 
provided  data  on  rate  of  climb,  rate  of  descent,  and  maximum  airspeed  compail> 
sons  for  the  "A"  and  "B"  model  engines.  These  RPVs  were  configured  with  a 
Sony  TV  camera  and  parachute  assembty.  Approximate  flight  weight  was  132  lb. 
The  performance  data  gadiered  were  used  to  extrapolate  to  other  altitudes, 
speeds,  and  weights  by  analytical  means.  Appendix  D describes  the  Aqulla  RPV 
flight-performance  characteristics  derived  fkx>m  data  obtained  from  these  four 
flights,  as  well  as  other  applicable  Phase  B flints.  Figures  32  through  35  com- 
pare engine  RPM  and  rate  of  climb  for  the  '*A*'  and  "B"  model  engines. 

Figure  36  shows  the  launch  and  retrieval  total  wind  state  which  prevailed  during 
Flints  38  through  37.  Data  points  were  obtained  across  most  of  the  deslgpi 
criteria  envelope.  Ihble  12  Is  a summary  of  die  Aqulla  Phase  B RPV  flight 
tests.  Software  changes  were  being  made  throughout  the  test  series. 
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Phase  B flight  tests  and  Anny  certification  were  originally  sdieduled  for  com- 
pletion on  17  June  1977  (Flight  57)  because  of  limitations  on  existing  funds. 
During  an  Army  review  of  the  Aqulla  RPV-CTD  system  validation  and  test  pro- 
gram at  the  contractor's  Sunnjrvale  plant  on  22  to  24  June  1977,  it  became  appar- 
ent that  several  objectives  had  not  been  satisfactorily  completed.  The  Army 
directed  LMSC  to  continue  the  flight  test  pr<^ram  for  two  additional  weeks  to 
provide  more  validati<m  in  sensor  operation  and  to  complete  certification  of  the 
USAEPG  crew.  TRADOC  personnel  had  been  certified  on  5 June  1977.  Eight 
additicmal  training  and  data  flights  were  accomplished  by  the  USAEPG  crew. 

Two  of  the  flights  (58  and  60)  were  software  and  antenna  modification  check 
flights  with  a Sony  TV  in  the  RPV.  Flight  61  was  a three  hour  endurance  and 
maximum  airspeed  (160  KPH)  flight  with  the  unstabilized  Phase  I sensor.  The 
remaining  flights  utilized  the  eye  safe  or  Phase  V YAG  laser  and  were  sensor 
validation  flights.  Flight  65  with  the  Ihase  V sensor  yielded  the  greatest 
amount  of  usable  validation  of  any  sensor  flight  to  date.  This  series  of  flights 
also  dem(»strated  that  a solution  to  the  sensor  uncaging  problem  had  been 
accomplished. 

4.4.1  Flight  38 

Flight  38  validated  the  data-link  performance  at  a 2, 000-ft  AGL  altitude  and 
20-km  range.  The  heading  hold  check  of  the  software  and  flight  control  elec- 
tronics package  was  also  successful.  The  heading  rate  filter  time  constants 
used  in  Version  33  of  the  software  for  the  1-  by  2-km  approach  pattern  produced 
I too  much  overshoot  and  was  unsatisfactory.  There  were  loss  of  lock  problems 

I between  3 and  5 km  range  in  the  low-gain  antenna  mode,  indicating  an  area  of 

reduced  coverage  with  the  low-gain  antenna.  In  a subsequent  software  version, 
the  switchover  to  high  g;ain  was  reduced  from  5 to  4 km,  which  vastly  Improved 
the  situation.  (Table  13  indicates  TM  data  dropouts  during  Flights  38  through 
57.)  RPV  tracking  accuracy  over  the  east  range  (14  to  20  km  range)  was  in 
error  in  a north-south  direction  by  100  m.  Flight  38  was  used  as  a baseline 
data  fli^t  for  comparison  of  engine-related  B modifications. 
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4.4.2  FUght39 

Rate*  of  eltmb  and  descent,  as  well  as  maximum  speed,  after  relocation  ef  the 
dual  carburetors  to  the  new  tqiper  Induotloo  manifold  were  detained.  Figure  S3 
compares  die  rate  of  climb  of  Flight  39  with  that  of  Flight  38.  If  angrthlng,  a 
alli^t  loas  In  climb  rate  was  realised.  Snoe  the  primary  reason  for  maidtig  the 
change  bad  been  to  provide  a more  reliable  and  consistent  way  ct  adjusting  the 
oarburetl<m,  the  loss  which  was  based  on  a sample  else  of  one  was  not  con- 
sidered to  be  a serious  factor.  The  Aqulla  perfonnanoe  characteristics 
described  In  Appendix  D utilized  the  data  obtained  In  this  flight. 

4.4.3  FUght40 

The  new  Troyer  propeller  was  added  to  RPV-013  for  this  test.  A comparison 
wldi  Fll^t  38  was  dien  obtained  (Figure  33  throuc^  35)  wlfo  the  same  RPV  over 
the  same  flight  path.  A slight  degradation  In  climb  performance  was  realized , 
and  die  Troyer  propeller  was  later  abandoned  as  a candidate.  The  BPV  failed 
to  exit  the  dead  reckoning  mode  or  to  fly  the  legs  properly.  Data  analsrslajre- 
vealed  circuit  anomalies  and  formulation  errors  wldi  the  design  conc^t.  Re- 
quired design  changes  were  defined  but  not  authorized  by  Iho  Army  for  correc- 
tive action.  Reference  Volume  n.  Section  3.4.4. 2,  Guidance  Mode  Evolution- 
Dead  Reckoning. 

4.4.4  FUght41 

Flight  41  Included  both  the  Troyer  propeller  and  the  relocated  dual  carburetors. 
Again  the  Trqyer  pr(q>eller  Indicated  no  improvement.  Roll  oscillations  were 
still  noted  over  the  east  range  beyond  10  km.  (Refer  to  Volume  n,  Seotton 
3.4. 4. 2,  Waypoints,  lor  dlscusslen  of  this  problem. ) Engine  performance 
was  satisfactory. 
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4.4.5  Flight  42 


llila  was  a oheok  flight  of  the  first  "B'*  model  aircraft  (RPV-014).  Hie  RPV 
performed  very  well,  and  a compromise  standard  approach  pattern  was  suo- 
cessfhlly  evaluated. 

4.4.6  Sensor  Evaluation  Flig^ta 

These  flights,  aummarized  in  Table  12,  were  generally  sensor  performance 
evaluatlmi  and  Army  training  flights;  however,  included  within  this  series  were 
six  RPV  check  flints  with  Sony  television  cameras.  Those  flights  were  44,  51, 
52,  53,  58,  and  60.  The  purpose  of  Flight  44  was  to  verify  the  airworthiness  of 
"B"  model  RPV-OIS  on  its  maiden  flight.  The  flight  was  confined  to  the  west 
range  with  a maximum  distance  from  the  GCS  of  6 km.  Climb  rate  of  the  air 
vehicle  was  checked  and  the  maximum  obtained  was  444  fipm  at  a density  altitude 
of  7000  feet.  Winds  of  18  to  25  km/h  from  the  south  (Huachuca  Mountains) 
existed  thrcnghout  the  flight.  Air  turbulence  from  the  mountains  caused  foe 
RPV  to  undergo  several  pitch-type  phugoid  motims  with  a period  of  10  to  12  sec. 
Three  cycles  were  required  for  damping  and  the  altitude  rate  varied  +100  to 
-100  m/mln. 

Flight  51  was  foe  maiden  check  flic^t  of  "B"  model  RPV-016  and  was  used  to 
evaluate  several  software  changes.  Validation  of  foe  software  change  to  foe 
final  approach  abort  pattern  was  accomplished,  instead  of  foe  RPV  continuing 
around  foe  landing  pattern  on  issuance  of  foe  abort  command,  foe  RPV  was 
directed  to  turn  toward  WP  80/90  to  shorten  the  go  around  time.  The  software 
was  also  changed  to  restrict  erection  of  foe  vertical  gyro  to  roll  and  pitch 
angles  less  than  *4  deg.  This  was  later  changed  to  deg  because  of  excess 
gyro  drift.  Calculation  errors  ol  target  locatton  had  been  occurring,  because 
foe  vertical  gyro  was  being  falsely  erected  during  turns.  This  software  change 
improved  foe  target  location  CEP. 
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Anotlier  flight  objective  was  to  evaluate  the  oeadlng  command  limit  software 
ohange  to  siqqiiress  roll-yaw  osoillations.  Rate  limits  of  0.2  and  0.6  deg/seo 
were  evaluated.  The  0.6  d^sec  heading  rate  limit  produced  the  best  flight- 
path  control;  however,  some  snaking  along  the  progprammed  waypoint  line  at 
ranges  beyond  12  km  was  noted.  (This  problem  was  ultimately  solved  and  de- 
I monstrated  at  White  Sands  after  the  conclusion  of  the  RPV-STD  basic  program  by 

I inserting  aircraft  magnetometer  data  into  the  control  lo(q;>  via  a software 

change.)  The  original  30-degi/sec  limited  was  selected  during  the  flight  for 
comparison  with  the  new  candidate  limits.  Short  periods  of  0.5-Hz  oscillation 
with  sharp  peak  roll-yaw  gyro  rates  of  30  deg/sec  were  observed.  Transfer  to 
0.2  deg/sec  repeatedly  caused  the  RPV  waypoint  guidance  loop  to  break  into 
I oscillation  with  a rate  of  about  1 cycle/min.  Transfer  to  the  0.6-deg/sec  limit 

resulted  in  an  occasional  0. 2S-Bz  oscillation  with  peak  roU-jraw  gyro  rates  of 
vg)  to  10  deg/sec.  The  RPV  video  display  confirmed  a well-behaved  attitude 
control  loop  without  severe  roll  or  3raw  perturbations. 

Flight  52  was  the  maiden  check  flight  of  RPV-017.  Flight  performance  Army 
crew  training  and  software  change  verification  were  the  flight  objectives. 

During  the  flighti  considerable  difficulty  was  experienced  with  the  GCS  antenna 
switching  from  high  to  low  gain  and  lockii^  on  a side  lobe.  Postfll^t  data 
anatysls  revealed  that  the  RPV  had  been  progranuned  to  fly  at  a marginally  high 
elevation  angle  of  10. 5 deg.  The  RPV  consistently  flew  40  m north  of  the 
Intended  flight  track.  Postfll^t  analysis  indicated  a drift  in  Uie  GCS  antenna 
servo  error  bias  from  null  to  +0. 8 V had  occurred.  RPV  flight  perfomumee 
was  otherwise  acceptable. 

: i 

Fll^t  53  wlfii  RFV-016  was  a software  check  and  Army  crew  training  fli^t. 
Software  changes  to  the  final  i^qnoach  landing  pattern  and  roll-yaw  stabilisation 
were  verified.  The  RPV  mw  again  reported  by  the  radar  tracking  facility  to  be 
flying  150  m aoufii  Che  Intended  paUi  over  file  east  range  (rang^e  greater  than 
12  km).  PoatfUght  analyals  revealed  that  the  GCS  appeared  to  have  a -0.46-deg 
antenna  Tieam  pointing  error.  This  was  thou^  to  have  been  caused  by  an 
Improper  site  snrvay;  however,  resnrveys  of  file  area  produced  inconsistent 

irsanlts.  A software  diange  was  ultimately  made  to  eliminate  the  Mas  error. 

L 
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Fillet  58  was  a USAEPG  training  flight  with  RPV-014  to  maximum  range  and 
altitude.  Verification  of  GCS  antenna  control  unit  modtfioationa  (refer  to 
Volume  n,  section  4.6.1,  Tracking  Ai^enna  for  details)  was  also  a prime 
objective.  These  fixes  helped  to  some  extent  but  hi^-gain/low-gain  swltdiing 
contlnned  to  be  a nuisance  at  high  elevation  angles.  (The  contractor  later 
designed  a dual  axis  antenna  which  could  also  track  in  elevation.  This  unit  was 
ultimately  tested  at  White  Sands  and  Fort  Huaohuca  on  GCS-002.)  Maximum 
altitude  achieved  during  Flight  58  was  3, 658  m MSL  (12, 000  ft)  and  the  maxi- 
mum range  was  20.5  km. 

Flight  60  was  a GCS  antenna  performance  and  USAEPG  crew  training  flight  with 
"B"  model  RPV-017.  Status  link  dropouts  and  degradation  were  found  to  coin- 
cide when  the  RPV  was  behind  the  weather  vane  mast  or  lithfidng  rod  (attached 
to  the  roof  of  the  GCS).  RF  multipath  firom  the  test  support  vans  caused 
tracking  anomalies,  when  the  RPV  was  in  line  and  behind  the  vans.  The  usual 
form  of  this  anomaly  was  side-lobe  tracking.  The  azimuth  angle  of  the  anomaly 
agreed  with  data  obtained  during  the  Otter  flight  of  28  March  1977.  The  payload 
protector  failed  to  deploy  even  though  commanded,  apparently  due  to  a Jammed 
cable.  All  post-flitd>t  checks  were  normal. 

During  the  sensor  evaluation  phase,  several  problems  were  encountered.  Some 
of  these  required  hardware  modification  and  followup  validation  flights.  These 
problems  are  described  in  section  4.5  of  this  volume  and  in  Volume  n, 
seotlan  3.5.4,  Sensor  Evolution. 

4.4.7  Phase  I Sensor  Flights 

During  Fillets  43,  45,  and  61,  performance  of  the  Phase  I sensor  was  evaluated. 
No  targets  were  detected  during  Flights  43  and  45  because  ot  airpraft-oaused 
image  motion  at  the  narrow  field  of  view.  Buffeting  of  the  aircraft  by  ttiezmal 
iq>  and  down  drafts  plus  the  roU/yxw  oscillatioii  problem  greatly  reduced  the 
effeottveness  of  the  Phase  I sensor.  Also,  as  meottoned  above,  die  sensor 
test  program  used  only  cued  tazgsts.  Flight  plans  generally  included  flie  cueing 
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data  for  obaervlng  e^koh  target  In  sequence  as  they  oooarred  during  (lie  flight, 
tfofortunately,  during  the  early  days  of  the  sensor  test  program,  the  targets 

were  often  set  in  the  wrong  location  and  the  sensor  operator  spent  effort  and 
time  searching  for  these  offset  targets.  Not  until  later  in  the  program 

(Flight  61)  was  it  possible  to  collect  any  reliable  Phase  I data.  FU^t  61  also 
included  a maximum  airspeed  and  endurance  run  foot  simultaneously)}  160  km/h 
and  3 hr  were  achieved.  Sensor  performance  is  disenssed  In  later  sections  of 
diis  volume. 


4.4.8  Phase  n Sensor  Fllgfot 

Fli^  47  was  foe  only  RPV  fliifot  with  foe  Phase  n photo-reconnaissance  camera. 
No  targets  were  detected  with  foe  unstabilized  video  qrstem;  however,  camera 
operation  and  photo  exposures  were  satisfaotory. 

4.4.  d Phase  m Sensor  Flights 

Four  RPV  fliefots  were  accomplished  with  the  stabilized  Ifoase  III  sensor.  Those 
lli^its  were  46,  48,  49,  and  SO.  No  sensor  data  were  obtained  during  Fli^  46 
because  foe  sensor  could  not  be  driven  out  of  foe  mechanical  cage.  During  font 
fllffot  foe  vldicon  became  overheated  and  all  video  ceased.  The  souroe  of  heat 
was  attributed  to  the  meohanioal  cage  drive  motor;  foe  drive  pin  became  Jammed 
as  a result  of  foe  launch  forces  on  foe  gimbal. 

Fli^  48  evaluated  foe  Honeywell  fix  to  the  mechanical  cage  pin.  The  sensor 
performed  well  during  a short  check  flight  over  the  west  range.  During  the 
flllfot,  foe  wind  direction  changed  and  it  became  necessary  to  re-rlg  foe  re- 
trieval nets  for  the  apposite  approach  direction.  While  this  was  being  aooom- 
plished,  foe  RPV  was  flown  In  the  manual  autopilot  mode  toward  the  soufo-east 
hills.  Ihifortunately,  neither  video  monitor  In  the  GCS  was  displaying  RPV 
video  at  font  time.  The  sensor  operator  had  seleoted  ground  video  to  direot 
ground  camera  alignment,  and  the  student  pilot's  TV  monitor  had  been  turned 
off  as  a part  of  Us  training.  Terrain  clearance  was  not  anttolpated  adeqinatUy 
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and  the  RPV  was  flown  into  a hill.  No  hardware  or  software  nialftDiotl<m  had 
occurred,  and  the  loss  of  the  BPV  was  due  to  operational  errors  within  the 
ground  control  station. 

Flights  49  and  50  evaluated  performance  of  the  Phase  m stabilised  sensor. 

Boad  and  field  targets  were  set  out  on  the  east  range  at  ranges  between  12  and 
21  km  from  the  GCS.  All  targets  were  detected  at  least  once,  and  numy  targets 
detected  several  times  on  repeated  circuits  of  the  east  range.  Results  of  the 
sensor  evaluation  program  are  discussed  in  section  4.6,  Sununaiy  and  Con- 
elusions.  RPV  performance  was  good;  however,  idiugold-type  altitude  escur- 
slons  of  100  ft  were  noted.  These  were  the  first  fllgd^ts  launched  from  the  "B*' 
model  launcher,  which  contained  the  new  shuttle,  dryer,  quick-diBoonneot 
umbilical,  and  cooling  duct.  Launcher  performance  was  flawless,  except  for 
malfunction  of  the  velocity  measuring  equipment.  Aside  from  that  problem, 
performance  of  the  B model  launcher  was  validated. 

4.4.10  Phase  IV  Sensor  Flights 

Flights  55,  63,  and  64  utilized  the  Phase  IV  or  V ]^e-Safe  laser.  During 
Flic^t  55,  RPV  and  GCS  performance  was  satisfactory;  however,  smisor  per- 
formance data  were  not  obtained,  because  the  sensor  gimbals  could  not  be 
driven  out  of  the  mechanical  cage.  Also,  the  uiq[>er  rear  part  of  the  sensor 
dome  was  cut  during  launch  when  the  gimbal  shifted  aft.  (Refer  to  the  disous- 
sions  on  camera-dome  mechanical  interference  in  section  4.5.3  and  mechanical 
age  problems  In  seoti<m  4.5.7.) 

FU^s  63  and  64  were  primarily  software  and  sensor  checkout  flicks;  target 
detectfon,  recognttloii,and  designation  were  not  t^jeotives.  Sensor  performance 
was  satUfaotory  except  for  two  spots  of  azimuth  slew  binding  and  some  fogging 
within  the  dome  during  F14dd  63*  The  binding  problem  was  caused  liy  an  inter- 
ference between  the  top  collar  of  the  dome  and  the  ground  check  alignment 
mirror  on  the  gimbal.  A more  fooroui^  preflii^  check  of  the  sensor 
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this  flight  problem  on  subsequent  Amy  flights.  The  fogging  problem  was  sdl>- 
sequently  minimized  by  nitrogen  purging  and  the  addltloo  of  desiccant  material 
within  the  dome.  The  square-wave  search  pattern  and  final  approach  abort 
maneuver  were  satisfoctorily  accomplished  during  Flight  63.  thereby  validating 
those  software  programs.  During  Flif^t  64  the  artillery  battery  loiter  program 
was  satisfactorily  accomplished,  thereby  validating  that  software  program. 

Sensor  autotraoking  of  targets  was  unsuccessful,  because  the  tracker  had  be- 
come inoperative  after  launch.  However,  lasing  operatioiis  were  perfomed 
In  the  nuuiual  track  mode. 

4.4.11  Phase  V,  TAG  Laser  Flights 

Flights  54,  56,  57,  59,  62,  and  65  were  all  scheduled  as  target  designation 
flints.  No  sensor  perfomance  data  were  gathered  during  Flight  54  because 
the  gtmbftla  could  not  be  driven  out  of  the  mechanical  cage  (the  mechanical  cage 
1^  Jammed  during  launch).  Sensor  video  was  poor  because  of  vertical  sync 
problems;  the  status  link  remained  solid  at  that  time.  The  mission  was  aborted 
shortly  after  reaching  the  east  range  when  the  status  link  appeared  to  deteri- 
orate. RPV  aerodynamic  perfomance  and  GCS  controls  were  satisfactoiy 
throutd^ottt  the  fllid^t* 

Flight  56  was  the  first  TAG  laser  firing  flight  from  an  RPV.  Two  orbits  of  the 
artiUeiy  battery  offset  loiter  pattern  were  aocomidished  near  station  48  over 
die  east  range.  The  target  vehicle  was  lased  on  at  a 1 pulse  per  second  (pps) 
rate  while  in  the  autotrack  mode  at  a slant  range  of  approodmately  1.8  km. 
Target  location  readouts  in  the  GCS  were  within  100  m of  the  known  target 
location.  Approcdmately  18  min  after  payload  power  had  been  commanded 
(25  min  Into  die  fUfdit),  the  video  disappeared,  because  of  overheating  of  die 
vldicoB.  This  problem  was  caused  by  the  caging  problem  dlsoussed  in 
seotlon  4.5.7.  Video  remained  off  throughout  the  rest  of  the  flight.  The  RPV 
was  flown  baok  to  die  retrieval  area  in  the  antomatio  mode  and  snooeaaftilly 
recovered  without  RPV  video. 
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Flis^  57  was  the  first  laser  scoring  fU|^  using  an  RPV.  A large  vMte  tairget 
board  (approodmately  8 ft  square)  was  set  next  to  a 2-1/2'^  Army  truck  at  the 
Radar  ^poke  Facility  on  the  east  range.  A television  camera  with  special  filter 
and  video  recorder  were  used  at  the  target  site  for  recording  the  laser  hits. 

The  RPV  was  flown  in  a loiter  pattern  iqqmoxlmately  1 km  distance  and  at  an 
altitude  of  600  m AGL.  Approximately  90  percent  of  tibie  hits  were  within  a 2-m 
circle  on  the  target  board  and  an>rQKlmately  30  percent  were  within  a 1-m 
circle  during  a 20  sec  laser  burst.  The  laser  was  fired  at  a 10-pps  rate  while 
in  die  autotrack  mode.  Burst  offset  data  were  gathered  on  a target  vehicle, 
which  had  been  parked  51  m from  the  target  board.  The  first  burst  offset  test 
3rlelded  values  of  42  m west  and  35  m south,  or  54.6  m distance.  Altitude  read- 
outs averaged  about  80  m low.  The  artillery  batter  loiter  offset  pattern  was 
automatically  entered  1, 800  m before  the  target,  after  having  first  lased  It 
from  a range  of  3, 500  m.  Target  location  coordinates  presented  in  the  GCS 
were  within  140  m of  the  known  location. 

FU^  59  was  planned  as  a laser  designation  scoring  flii^t;  however,  after 
launch,  the  sensor  would  not  come  out  of  the  mechanical  cage.  The  flight  mls- 
slon  was  aborted  after  two  turns  around  die  east  range  and  wldiout  firing  the 
laser.  RPV,  launcher,  and  GCS  perfomumces  were  without  Incident.  The  roll 
osolllatioB  problem  was  still  evident,  because  Range  Operations  personnel  re- 
ported the  RPV  to  be  snaking  and  south  of  the  intended  track  along  the  east-west 
legs  over  die  east  range. 

FUs^t  62  was  scheduled  to  obtain  the  data  not  gathered  during  Flif^t  59.  The 
sensor  did  come  out  of  the  mechanical  cage  and  functioned  well  during  the  fll^t. 
The  laser  was  fired  at  1,  10,  and  20  pps  during  the  fllfd^t  fbr  several  burst 
Intervals  of  up  to  20  sec.  The  accuracy  of  target  looation  Information  was  Im- 
proved over  some  of  the  prior  fUid^ts,  althou^  the  targetiag  errors  were  still 
exoesstve  compared  to  dm  specified  reqidrements.  R was  subsequently  real- 
ised dmt  the  magnetometer  may  have  been  givfog  erroneons  data  which  could 
have  caused  die  large  errors.  Sensor  performance  data  are  deserfbed  in  a 
later  section  of  dda  votume.  The  RPV  flew  w^,  and  all  vehicle  system  compo- 
nents functioned  normally. 


Fllc^  65  was  the  last  flight  of  the  Phase  B flic^t  test  series  prior  to  DD-250  of 
the  AquUa  system  hardware.  Alflioofl^  a Phase  V sensor  was  flown,  no  laser 
scoring  was  attempted.  Ihe  fllid^t  ams  3 hr  In  duration  (a  new  record)  over  the 
east  range.  Laser  targeting  data  were  obtained  and  are  referenced  In  Appendbc 
E.  Burst  offset  was  also  attempted  but  felled  to  yield  any  meanlngftil  data.  The 
artillery  battery  (gun  line)  loiter  pattern  was  successfully  flown.  Some  moisture 
within  the  dome  was  evident  above  2. 000  m MSL,  inchoating  that  nitrogen  purging 
Is  required  to  ensure  the  ability  to  fire  the  laser  and  Interpret  the  video  without 
degradation  in  performance. 

4.4.12  Phase  I Sensor  Test  Results 

Referring  to  Table  14,  it  can  be  seen  that  dynamic  resolution  measurements 
wlUi  each  sensor  type  fall  short  of  the  speclflcaticms.  In  the  case  of  the  Phase  I 
sensor,  an  excessive  amount  of  motion  was  continually  present  because  of  air* 
frame  motion  cocq>Ung  directly  to  the  sensor.  Cause  of  the  motion  was  air  tur- 
bulence and  the  roll-yaw  oscillation  problem. 

Other  factors  Siat  can  have  an  effect  cm  resolution  are: 

• The  measurements  were  imminally  made  at  a 30-deg  look  angle,  ^th 
this  geometry,  flie  spatial  resolution  target  was  fhirly  large  and  almost 
filled  the  screen.  This  means  that  tiie  smaller  resolati<m  elements 
were  usually  observed  at  one  edge  of  the  screen.  The  measurement 
therefore  represented  edge  resohiticm  rather  than  center  resolution. 

The  camera  resolution  varied  from  460  TVL/ph  (TV  lines  per  picture 
hei|^)  In  the  center  to  350  TViyph  at  edge.  Thus,  the  edge 
reaatatten  ef  the  system  will  not  be  as  good  as  In  the  center. 

e The  measurements  were  made  from  tapes  of  the  original  video.  Some 
dsgradatton  due  to  video  data  processing  can  be  eagpeeted. 

• No  traoking  was  used  daring  this  measurement,  although  In  Phases  m, 
IV,  and  y file  sensor  was  stabilised.  This  means  that  flie  TV  Image 
was  moving  oenttamondy  and  was,  therefore,  dlffloult  to  interpret. 

Stop  frame  techniques  were  attempted  on  flie  tiq^  recorder  to  over- 
oome  fliis;  however,  this  again  oaused  image  degradation. 


iR  test  pbooram  results 
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Botii  target  detectiou  and  recognition  also  fell  short  of  die  specifications  in  the 
few  measurements  made.  This  was  a result  of  several  factors: 

e Hardware  problems.  At  the  banning  of  the  test  program,  several 
hardware  problems  still  remained  in  the  vehicle  and  the  sensor.  These 
natural^  complicated  the  Job  of  the  sensor  qperator. 
e Bange  problems.  Range  coordlnaticm  problems  also  existed  at  the 
start,  which  led  to  the  targets  being  placed  tncorrectty. 

9 Considerable  Image  motion.  This  made  searching  and  identifying  with 
the  Phase  I sensor  very  difficult,  especially  when  compounded  wUh  the 
roll-yaw  oscillation  problem. 

The  sensor  field  of  view  is  a parameter  that  can  significantly  affect  detection 
and  recognition  performance.  If  it  is  too  large,  the  image  motion  is  not  a 
problem,  but  resolution  of  small  objects  is  difficult.  If  It  is  too  small,  the 
image  motion  is  excessive,  and  consistmat  area  search  becomes  impossible.  It 
is  felt  that  an  optimum  field  of  view  of  about  12-deg  would  give  the  best 
compromise. 

It  is  imdoubtedly  more  difficult  to  find  targets  with  a Phase  I sensor.  In  retro- 
spect, therefore,  improved  results  may  have  resulted  if  the  I%ase  I tests  could 
have  been  performed  after  Phases  in  and  IV-V,  using  folly  mature  hardware, 
software,  and  personnel. 

4.4. 13  Phase  n Sensor  Test  Results 

Hie  Phase  n sensor  embodies  botti  a Phase  I unstabilized  video  camera  and  a 
r— «**"*»«  photographic  camera.  Photographlo  camera  performance 
is  shown  under  fynamlo  resolution  and  is  given  as  24  line-pairs/mm.  The 
slatte  resdulten  of  this  unit  riiould  appproadi  tiie  75  line-paIrs/mm  of  fiie 
actual  camera. 


The  inMgn  degradation  observed  had  several  contributing  footorst 
e fUctae  nreetslan  cf  tte  camera. 

e BMi  rats  vibration.  Ihls  can  cause  image  smear  during  the  l/SOOO 
see  tiaM. 
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• Film  proc*»««»»wg-  A gamma  value  of  1. 8 was  used  for  prooesaing. 

1 It  la  recommended  that  the  gamma  value  be  inoreaaed  to  1. 6 to 

Inoreaae  comtraat  and  reaoluti<m. 

' No  apeoificatloii  haa  been  placed  on  the  (lynamio  reaolution  of  the  camera.  The 

I 

I atated  goal  of  40  Une-paira/mm  ahould  be  achievable  by  the  factora 

! mentioned  above. 

I 

t 

i 

Target  detection  and  reoognitl<m  with  the  Phaae  n aenaor  was  equal  to  the 

* 

i l%aae  I aenaor  aa  thla  part  of  the  ayatem  la  In  fact  a Phaae  I video  qratem. 

I 

s 

4.4.14  Phaae  m Senaor  Test  Results 

Aa  previously  mentioned,  the  dynamic  resolution  was  found  to  be  lower  than  the 
specification.  Reasons  for  this  were  discussed  In  the  Phase  I results.  Exc^ 

‘ for  the  laser,  the  Phase  ni  sensor  Is  essmitlally  identical  to  the  Phase  IV-V 

sensor.  The  nonlaser  data  from  all  Phases  m and  IV-V  flights  were  therefore 
combined  to  give  a larger  data  base  for  observed  results.  Data  from  flii^ts  49, 
SO,  and  65  were  combined  for  these  purposes.  Using  cued  targets,  detection  of 
both  road  and  field  targets  generally  exceeded  the  specified  requirements. 

Mean  road  detection  range  was  computed  to  be  4, 845  m and  mean  field  deteotlim 
range  was  2, 282  m.  In  the  target  recognition  case,  the  mean  figure  (1,474  m) 
is  less  than  Uie  speclficatlmi  (2, 500  m);  however,  several  individual  readings 
exceeded  this  figure.  Operator  experience  with  the  target  area  pliqred  an  impor- 
I tant  part  as  well  as  the  degree  of  recognition  attempted.  An  accepted  definition 

I of  recopiitlon  requires  that  target  to  be  at  least  3 line  pairs  across  foe  miniiwnm 

I dimension.  This  is  sufficient  to  detect  sluqpe  (aspect  ratio)  and  orientation  but 

I insufficient  to  detect  Identfiying  features  such  as  gun  turrets,  wheels,  etc. 

4.4. 16  Phase  IV-V  Sensor  Test  Results 

All  of  file  laser  results  shown  in  the  Phase  IV-V  oolunm  of  Table  14  were  taken 
firom  Fli^  66,  lAioh  was  the  last  in  the  series.  This  fli|^  demonstrated 
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considerable  operator  and  e<]tdpmait  maturity.  Seven  orbits  were  made  during 
a mission  time  of  3 hr.  Several  precise  target  detections  and  recognitions  were 
made  against  a road  target,  and  these  data  were  combined  with  Phase  m data 
to  determine  system  performance.  Twenty-six  target  location  attempts  were 
made  against  the  apex  target,  the  tank  mock-up,  and  Statlcm  48.  Burst  otthet 
evaluation  was  attempted  but  no  significant  data  acquired.  Alter  considerable 
analysis  effort  and  completion  of  Army  flight  test  evaluations,  several  errors 
were  uncovered  in  the  burst  offset  equations  and  foe  mechanisation  of  foe  equa- 
tlcms  in  foe  software.  Ihe  required  corrections  were  neither  completed  nor 
implemented  because  of  schedule  and  cost  implications. 

As  previously  mentioned,  foe  dynamic  resolution  remained  less  fo«t>  foe 
specification. 

Target  detection  and  recognition  is  as  shown  In  Table  14  under  combined 
Phases  m and  IV-V  data. 

Sensor  stabilisation  Is  extremely  dUHoult  to  measure  In  a moving  vehtole. 
Stabilization  Is  Intended  to  compensate  f<m  aircraft  pitch,  roll,  or  yaw,  but 
does  not  oompensate  for  the  vertleal  buffstliig  zdildi  can  occur.  R is  almost 
Impossible  to  separate  fids  kind  of  vshlole  motion  from  the  sensor  motion  as 
both  oontrlbote  direotly  to  fim  imsfs  motion  of  a diatant  scene.  When  attempt- 
ing to  evaluate  sensor  sfiddllsstton,  antotraoker  cannot  be  eaogaged,  because 
It  Immediately  eorrects  for  any  sensor  or  vehtole  motion.  During  Fllj^  64, 
some  low  altitnde  maneuvers  were  psrformod  wtfo  file  sensor  pointing  straight 
ahead  and  sUiddly  down.  An  stteaqit  was  made  to  determine  the  sensor  stabill- 
sstton  by  measuring  the  movement  of  the  selected  FOV  center  point  on  fiie 
target  over  a period  of  about  10  sec.  lUs  was  esHmatod  to  be  3 to  4 ft  at 
a range  of  between  6,000  and  7, 000  ft  (iqiproarimately  500  pradians).  Obviously, 
therefore,  fiie  sensor  stabilization  is  better  fiian  fids.  However,  It  is  Impossi- 
ble to  Indicate  how  much  better  without  performing  several  more  qieolalized 
flights.  The  sensw  itself  is  known  to  have  a passive  stabilization  of  30 
pradians;  tlwrefore,  most  Image  motion  observed  In  fids  test  was  probaldy 
due  to  nonnal  aircraft  motion. 
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RFV  to  target  range  varied  from  1,531  to  3, 770  m for  die  various  targets  lo- 
cated using  the  laser  rsnger.  The  accuracy  of  this  measurement  is  defined 
by  pulse  width  and  rise  time  of  the  laser  pulse,  as  well  as  the  digital  word 
quantisation.  Ground  tests  have  determined  the  range  accuracy  cf  the  laser 
system  Itself  to  be  ifi  m.  Again,  this  accuracy  could  not  be  confirmed  by  the 
flild^t  tests  because  of  the  relatively  low  measurement  accuracy  of  the  BPV  and 
target  locations.  The  best  agreement  between  laser-measured  range  and  com- 
puted range  was  18  m. 

The  centroid  of  the  locatians  was  comfmted  to  be  at  190  m north  and  63  m east 
of  the  target,  which  indicated  the  possibility  of  a bias  error  still  remaining  in 
the  system.  Schedule  pressure  did  not  permit  any  further  analysts  of  fiits 
problem.  Mean  radial  error  (MRE)  from  the  target  was  computed  to  be  248  m 
with  a standard  deviation  of  378  m.  This  indicates  the  major  influence  of  three 
large  errors  out  of  the  total  26  readings.  If  these  Uiree  large  errors  are  as- 
sumed to  be  caused  by  transients  and  are  therefore  discarded,  then  the  MRE  is 
more  realistically  35  m.  The  altitude  error  showed  better  results.  The  71  m 
stated  is  the  average  of  all  26  measurements  and  is  within  the  goal  of  75  m. 
Seventeen  readings  (65  percent)  were,  in  fact,  below  the  75-m  level,  and  the 
lowest  error  was  1 m. 

Laser  designation  at  20  pps  was  performed  several  times  during  Fli^t  65. 

This  was  made  against  a scoring  target  that  consisted  of  a large  blackboard 
about  7.3-m  square  with  a 2.3-m  rdiite  square  in  the  center.  A designation  pass 
was  selected  in  vdiioh  die  laser  range  was  consistently  greater  than  3 km,  and 
the  scoring  data  were  analysed  by  observing  the  individual  hits  over  a 20-seo 
firing  period.  It  was  apparent  that  the  center  of  the  laser  beam  was  ofiUet  by 
about  2 m in  die  upper  right  hand  side  of  the  white  target.  Tliis  could  have  been 
caused  by  a combination  of  several  effects: 

• Boresldlit  Error 

• Tracking  QCfoet 

a Dome  Distortion 
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The  total  dlstilbiitioii  of  hits  was  observed  by  using  die  actual  laser  beam  center 
and  counting  the  hits  inside  a 2. 3-m>diameter  circle  around  this  point.  Some 
hit  observations  were  lost  when  they  landed  on  the  black  background,  vfiioh  made 
counting  difficult.  However,  it  iqn^ared  diat  all  hits  were  within  the  2.  S-on 
circle.  The  igqproximate  distribution  was  found  to  be  60  percent  within  a 1-m 
circle,  30  percent  within  die  2-m  ring,  and  10  percent  in  the  remaining  0. 3-m 
ring. 

Problems  encountered  with  the  sensor  system  elements  during  development  and 
fli^t  testing  are  described  In  sectton  4. 5 of  this  volume. 

4.5  SENSOR  PROBLEMS 

The  Aquila  sensor  Is  a highly  sophisticated  combination  of  mechanical,  elec- 
tronic, and  optical  technology.  Several  problems  were  encountered  during  the 
development  program.  These  problems  were  all  thorouid’tly  investigated,  and 
special  tests  were  devised  to  gain  greater  insii^t.  Alternate  solutions  were 
dien  developed  and  attempted,  and  die  most  pracdoal  solutions  were  adopted  as 
pennanent  engineering  changes.  In  chronological  orden  the  most  serious  of 
these  problems  are  described  in  the  following  paragraphs. 

4.5.1  Camera  Resolution 

The  original  video  cameras  obtained  from  SRL  did  not  meet  die  statio  resolution 
specification  of  450  TV  lines.  These  cameras  were  returned  to  SRL  for  re- 
design. Also  an  improved  TV  monitor  (CONRAC)  was  used  for  the  resolutton 
tests.  This  improved  the  results  considerably. 

4.5.2  Dome  Material  ~ Uneven  Thickness 

This  was  shown  to  oause  boresigbting  errors  between  camera  LOS  and  laser 
LOS.  The  major  problem  was  found  to  be  an  increase  in  material  ddokneis  at 
the  lower  end  of  the  dome.  The  solution  to  this  problem  was  to  Inatall  oompen- 
satton  circuitry,  which  corrected  the  tracker  center  and  thereby  maintained  a 
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fixed  camera-laser  LOS  boresight  over  fiie  complete  range  of  elevation  angles. 

The  zoom  lens  was  also  found  to  produce  small  boresight  errors  over  Its  range, 
but  these  were  within  the  specification. 

I 

4.5.3  Camera-Dome  Mechanical  Interference 

I 

1 The  original  sensor  design  showed  a sli^t  mechanical  interference  in  which  the 

f back  of  the  camera  scrapes  the  dome/ring-mount  attachment.  This  problem  was  | 

1 solved  by  beveling  the  camera  housing  so  it  would  completely  clear  the  dome  at 

I all  places. 

i 

4.5.4  Gimbal  Material 

A lltd^twelg^t  S3mthetic  gimbal  material  (PRO)  was  investigated  as  a low-cost 
replacement  for  the  aluminum  design.  Several  Phase  m and  Phase  IV-V  sensors 
were  built  with  the  new  material.  However,  after  extensive  testing, it  was  found  ' 

that  this  material  resulted  In  boresight  shifts  due  to  shift  movement  of  the  gim- 
bal housings.  The  concept  may  still  have  application  with  different  types  of  sen- 
sors and  different  missions.  However,  there  are  no  current  plans  to  continue 
this  line  of  investigation. 

! 

4.5.5  Video  Tracker  - Loss  of  Lock 

; I 

Early  in  the  development  program  the  video  tracker  was  found  to  exhibit  rapid 
1 slewing  action  following  loss  of  look.  This  resulted  in  operator  disorientation, 

particularly  under  small  FOV  condltloDa  (maximum  zoom).  Design  changes  were 
made  which  resulted  in  some  Improvement.  Also  a fime-ont  clronlt  was  in- 

{ 

stalled,  which  inhibits  the  slew  drive  after  250  ms  following  look-loss.  This 
restricts  the  total  slew  off  the  target.  This  type  of  centroid  traoker  also  has 
difficulty  in  looking  onto  targets  surrounded  by  clutter.  This  was  parttoularly 
I noticeable  against  the  road  target  at  station  48  at  Fort  RSadnioa.  The  traok- 

j look  suooess  rate  against  this  target  was  probably  less  tium  30  percent,  whereas 

I 
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the  81100688  rate  agaliwt  the  tank  mookap  or  againat  the  laser  scoring  target  at 
Apoc  was  greater  than  80  percent.  The  latter  are  field  targets  In  almost  zero 
clatter. 

The  track  staUlity  during  track-lock  was  also  influenced  considerably  by  the 
clatter,  wlfii  1 to  3 mradian  movement  being  observed  for  high-clutter  situa- 
tions such  as  target  48.  Against  low  clutter  targets,  the  track  stability  was  seen 
to  be  eKcellent  and  was  probably  less  than  100  pradians. 

Operator  experience  and  hardware  maturity  also  affected  tracker  performance. 

It  is  apparent  that  some  skill  is  required  to  size  and  place  the  tracker  box 
aroond  the  tracker  in  order  to  maximize  the  lock  success.  Furthermore,  some 
trackers  performed  considerably  better  than  others,  which  indicated  that  these 
were  hardware  differences.  These  were  investigated  and  the  anomalies  uncov- 
vered  and  corrected,  which  at  least  equalized  performance.  Lock-acquisition 
and  lock-loss  remains  a problem  with  these  trackers.  This  is  still  under 
investigation. 

4.5.6  Dome  Damage 

The  dome  is  a very  fragile  part  of  the  sensor.  Damage  to  the  domes  due  to 
various  causes  has  been  a continuing  problem.  In  particular,  the  domes  were 
foimd  to  be  cracking  in  the  top  rear  secticm.  This  was  Investigated  and  found  to 
be  caused  by  excessive  sensor  motion  on  the  shock  mounts  during  launch.  During 
tills  hi|^  acceleration  period  the  sensor  swings  back  sli^tly  and  impacts  against 
tile  RPV  ftiselage.  This  pr<4>lem  was  solved  by  using  styrofoam  padding  to  cush- 
ion the  rear  shook  during  launch. 

4.5.7  Mechanical  Cage  Problems 

The  Inner  and  outer  gimbals  of  the  sensor  are  caged  mechanically  by  a drive 
motor  and  pin  arrangement.  During  several  flights  this  system  failed  and 
jammed  tiie  gimbals,  tints  preventing  normal  sensor  operation.  The  problem 
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was  thorouf^ty  Investigated  using  high-speed  photograidqr  and  a launoh- 
simulati<»  rig  at  LMSC-Sunnsrvale.  It  was  established  that  the  launch  acceler- 
ation is  sufficient  to  cause  glmbal  bending  so  that  the  caging  pin  temporarily 
disengages  and  then  attempts  to  re-engage  following  the  Initial  impacts.  Re- 
engagement rarely  occurs  properly,  however,  and  the  gimbals  usually  move 
slightly  and  Jam  against  the  caging  motor.  When  commanded,  the  caging  motor 
thoi  attempts  to  uncage,  but,uaually,  unsuoeessftilly.  Furthermore  the  glmbal 
motors  may  be  commanded  to  move  and  overheat  by  running  in  the  stalled  con- 
dition. This,  in  turn,  can  lead  to  goieral  overheating,  which  can  affect  the 
camera  vidiccn  performance,  and  can  cause  the  video  to  disappear.  It  was  also 
discovered  that  the  lubricant  In  the  caging  motor  was  clogging  ttte  drive  and  pre- 
venting full  pin  travel. 

The  sensor  caging  arrangement  was  redesigned  to  provide  greater  pin  engage- 
ment length,  and  a new  motor  lubricant  was  specified.  This  was  found  to  be 
successlbl. 

4.5.8  Resolver  Gear  Slippage 

The  sensor  aximuth  angle  is  measured  by  a shaft  resolver  that  has  several  bevel 
gears  attached  to  It.  A few  oases  of  gear  slippage  occurred  and  contributed  In- 
directly to  the  mechanical  cage  problem  because  it  caused  aximuth  drive  even 
under  normal  cage  conditions.  Ibis  problem  was  solved  by  changing  the  Qrpe  of 
set  screw  and  by  using  two  screws  on  each  bevel  gear. 

4.5.9  Dome  Fogging 

The  Poise  platform  was  originally  designed  to  be  filled  wltii  a diy  inert  gas 
during  operation.  However,  during  most  ai  the  flights,  the  sensor  was  operated 
with  a regular  air  environment.  Toward  the  end  of  the  test  program,  the  mois- 
ture content  in  the  air  was  sufficient  to  cause  dome  fogging  or  condensation 
problems  (notably  on  Flli^t  65).  A decision  was  therefore  nuule  to  purge  each 
sensor  before  fll|^t  with  diy  nitrogen.  A certain  degree  of  fogging  was  still 
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observed,  however,  so  the  nitrogen  atmosphere  was  farther  improved  by  the 
use  of  dessiviant  material,  vdiioh  absoxbs  any  remaining  moisture.  This  cor- 
rected die  problem. 

4.5.10  Low  Dynsmic  Resolutiai 


The  static  resolntimi  of  the  video  camera  is  450  TV  lines/ph  at  the  center  of  the 
screen.  This  however  reduces  to  180  to  240  TV  lines/ph  when  it  is  operated  in 
the  RPV  and  flying  over  the  spatial  target  at  Ft.  Huachuca.  Several  factors  con- 
tribnte  to  this  problem: 

e Aircraft  motion.  A small  amount  of  image  smear  is  caused  by  any  air- 
craft motion  when  the  forward  fl^Tbt  component  or  pitch  and  roll  are 
not  compensated  perfectly  by  the  stabilized  platform. 

e Data-llnk  bandwidth.  This  should  ideally  be  greater  than  10  MRz  to 
have  negligible  effect  on  resolution. 

e Aircraft  vibration.  Shock  mounts  remove  vibration  components  greater 
dian  30  Hz  in  frequency.  The  platform  is  intended  to  stabilize  any  mo- 
tion in  the  lower  frequencies.  Frequency  components  in  the  10  to  30  Hz 
range  may  not  be  totally  compensated. 

• Ground  monitor  response.  Ihe  TV  monitor  currently  used  in  the  Aqulla 
ground  station  undoubtedly  reduces  the  resolution.  This  has  been  estab- 
lished by  comparison  with  other  monitors. 

4.6  SUMMARY  AND  CONCLUSIONS 

As  die  lli|^  test  program  entered  Phase  B,  several  Aquila  system  operational 
features  remained  not  validated.  They  were: 

e RPV  Doettton  aoouraoy.  Because  of  site  setup  and  roll-yaw  stability 
(oscillation)  problems 

e Dead  reekonina  naviaatton.  Because  of  software  and  hardware  problems 
associated  wldi  manual  termination  of  the  dead  reckoning  mode 
• Moving  boat  search  pattern.  Because  of  intentional  scheduling 
e Data  link  at  Because  of  a marginal  design 
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• w winHWiw^ttonB  to  RPVs.  GC8,  BeoaiuM  of  need  foT 

prodnot  Improvements 

e Cross  wind  recovery.  Beosuse  of  lack  of  opportunity 
e Standard  approach  pattern.  Because  of  software  evolution  problems 
and  student  training  objectives 

• Sawwnr  ^*airforfnanoe.  Because  of  Intentional  scheduling 

The  RPV  position  accuracy  was  validated  during  B flights  after  a revised  an- 
tenna correctl<ni  factor  was  determined  for  Inclusion  into  the  software.  The 
correction  factor  was  calculated  frtnn  updated  site  survey  data  sillied  by 
Fort  Huachuca  Range  Operations,  as  well  as  prior  flifl^t  history.  The  roll-yaw 
stability  problem,  whmi  flying  away  or  toward  (east-west)  the  GCS  at  eictended 
range,  continued  to  be  a problem  throughout  the  Phase  B flight  test  program. 
(Refer  to  sections  4.4.4,  4.4.6,  and  4.4.7  of  this  volume  for  a detailed  dis- 
cussion of  the  problem.)  Attainment  of  accuracy  requirements  was  demon- 
strated along  north-south  legs  where  RPV  antenna  pattern  polarisation  effects 
were  minimal. 

Dead-rectuming  navigation  was  not  validated  during  Phase  B because  of  the  need 
for  a circuit  modification  within  the  flij^t  control  electronics  package.  A hard- 
ware incompatibility  had  been  discovered  late  in  die  program,  which  did  not 
allow  manual  termination  (from  the  GCS)  of  the  dead-reckoning  mode  in  case  of 
an  errative  fli^t  path.  Consequently,  Army  and  LMSC  program  management 
decided  to  forego  the  required  validation. 

The  moving  box  search  pattern  was  never  demonstrated  during  an  RPV  flight 
hy  mutual  agreement  with  the  Army,  because  the  software  had  been  demon- 
strated with  the  squared  S search  pattern.  The  moving  box  search  pattern  is 
a minor  variation  of  the  squared  8 pattern  in  that  die  second  lag  proceeds  in 
die  opposite  direction  and  requires  merely  a sign  change  when  the  program  is 
entered  Into  die  oonqmter.  The  baaio  moving  box  concept  was  verified  sno- 
oesnhilly  In  the  simulator  mode,  however. 
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Data-ltnk  performanoe  to  a range  of  20  km  at  an  altitude  of  1,000  to  2,000  ft 
AGL  was  demonatrated  auooeaafdlly  on  several  sensor  and  check  fUghts  to  the 
east  range.  Hie  B modtflcattons  to  the  rf  system  were  therefore  validated. 

Cross  wind  recovery  opportunities  near  the  upper  limit  of  the  design  envelope 
<20  knots,  gusts  to  35  knots)  were  sparse.  However,  during  Fll^dit  43,a  cross 
wind  of  35  kmA  <18  knots)  from  an  angle  of  65  deg  across  the  approach  path  de- 
velt^ied  (refer  to  Figure  37),  and  the  RPV  was  recovered  suooessftilly. 

Two  standard  afgnraaoh  patterns  were  developed  In  the  software  for  use  at  Fort 
Huaohuca.  The  pattern  used  most  often  for  student  training  purposes  was 
1 by  3 km.  This  pattern  gave  the  student  sensor  operator  suffloleiat  time  to 
track  the  RPV  before  selecting  the  final  i^iproaoh  mode.  The  second  ^iproaoh 
pattern  developed  In  the  software  was  1 by  2 km  for  use  In  areas  limited  In 
airspace  because  of  surrounding  mountains.  When  loading  the  computer  prior 
to  a mission,  the  RPV  operator  must  answer  the  software  question  '*Tralnlng 
fll|d«t  <Y  or  N). " a "yes"  answer  will  yield  the  larger  approach  traffic  pattern. 

Figures  25,  28,  and  29,  and  Table  11  tndloate  the  {danned  Otter  and  RPV  flights 
for  Phase  B of  the  fli^  test  and  validation  program. 

RPV  fl4dits  were  made  with  each  type  of  sensor,  and  data  were  obtained  for 
each  of  the  following  sensor  system  ol^eotlves: 

e Target  detection  and  recognition  witti  a stabilised  sensor 
e Target  detection  and  recognition  with  an  unstabilized  sensor 
e Autotraok  with  the  stabilized  sensor 
e Photo-reconnaissance 
e Target  location 
e Target  designation  <wlth  scoring) 

Tables  15  throng  18  summarize  the  various  targeting  S]rstem  performances. 
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TABLE  16.  AQUILA  TARGETING  SYSTEM  PERFORMANCE  SUMMARY  - PHASE  H 


TABLE  17.  AQUILA  TARGETING  SYSTEM  PERFORMANCE  SUMMARY  - PHASE  IH 


<a)  estimate  only 


TABLE  18.  AQUILA  TABGETING  SYSTEM  PERFORMANCE  SUMMARY  - PHASE  IV-V 


(a)  Hirge  errors  assumed  caused  by  transients  were  discarded.  MRE  computed  from  remaining  23  results 

(b)  Accuracy  requirement  of  ^ m not  veiled. 
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Army  student  "hands-on"  training  was  also  of  paramount  importance  during 
these  flit^ts  and,  on  conclusion  of  the  test  series,  both  the  Fort  Sill  and  Fort 
Huachuoa  Army  teams  were  certified.  The  two  Army  teams  then  entered  their 
respective  test  programs.  Artillery  adjustment  was  performed  by  the  Army 
during  the  series  of  flight  tests  by  the  Fort  Sill  Army  team. 

At  the  conclusion  of  Phase  B tests,  several  sensor  problems  required  additional 
resolution.  They  Include: 

• UnAafrifiy  problem.  Caused  by  launch  load  forces  placed  on  the 
sensor  gimbals 

• Dome  ors^lrtng  durfag  launch.  Caused  by  launch  forces  on  the 
entire  sensor  assembly 

• TT-nnUtior  fawtahiUty  in  Certain  trackers.  Resulted  from  improper 
aUgnmamt  adjustment  at  Honeywell 

• s«wianr  nyerh^wtirm.  Resulted  in  video  blackout  after  some  time 
inflight 

• Dome  fogging  in  flight.  Caused  by  moist  air  condensation  inside 
the  dome 


After  the  required  modlflcations  were  identified,  a schedule  was  established  for 
sensor  rotation  back  to  the  Hon^well  factory  for  repair  and  modification.  Dome 
fogging  was  reduced  greatly  by  purging  the  sensor  with  dry  nitrogen  and  adding 
desiccant  material  in  the  dome  cavity.  Ihe  dome-cracking  problem  was  mlnl- 
mlsed  by  the  temporary  addition  of  polyurethane  foam  filler  material  between 
Uie  smsor  and  bulkhead  immediately  aft.  The  uncaging  problem  was  solved  by 
redesigning  the  sensor  cage  drive  to  use  a longer  caging  pin.  The  cage  drive 
motor  no  longer  generated  excessive  heat  (while  Jammed)  that  could  be  con- 
dneted  to  the  vldieon,  and  the  vldioon  overhestmg  problem  was  also  rectified. 
Thble  19  sanunsrises  file  sensor  demonstration  program  oonotusions. 
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TABLE  19.  SENSOR  DEMONSTRATION  PROGRAM  CONCLUSIONS 


No  major  operational  problems  were  evident  with  either  launcher  on  conclusion 
of  the  Phase  B test  and  vaUdatlon  program.  Difficulties  did  arise  as  late  as  the 
end  of  the  program  with  the  launch-speed  measurement  system,  however,  be- 
cause of  a combination  of  dlsplay-reliablUty  and  magnetic  jdckup  adjustment 
problems.  Hie  basic  design  concept  was  validated.  A theoretical  alr-dryer- 
system  limitation  was  discussed  with  the  Army;  however,  since  (he  problem  had 
not  appeared  at  Fort  Huachuca,  ftirther  studies  were  not  funded. 

The  retrieval  system  had  one  open  concern  item.  A safety  pin  In  the  holdback 
braking  system  had  deformed  and  broken  under  the  strain  of  high  winds,  re- 
sulting in  collapse  of  the  retrieval  net.  Temporary  extra  safety  wires  were 
added  to  reinforce  the  brakes.  The  siqipUer,  All  American  Engineering,  was 
notified  and  sent  redesigned  parts  to  Fort  Huachuca  in  November  1977.  No 
additional  problems  were  reported. 

The  roll-yaw  stabilization  problem  was  not  resolved  adequately  during  Phase  B. 
Many  attempts  at  minimizing  the  problem  by  limiting  heading  rate  commands  in 
the  software  transpired.  Elimination  of  the  contribution  of  antenna  polarizatioa 
could  require  a two-axis  tracking  antenna  at  the  GCS.  Such  a redesign  was  be- 
yond the  scope  of  this  program.  GCS-002  was  fully  validated  at  the  conclusion 
of  the  test  program.  GCS-OOl  required  additional  troubleshooting  and  demon- 
stration flights  and  was  validated  soon  thereafter. 

Table  20  lists  the  conclusions  of  the  overall  system  as  a result  ci  the  fU^t 
demonstration  program.  The  potential  to  increase  the  U.S.  Army's  target 
acquisition  capability  with  an  RPV  qrstem  was  clearly  demonstrated* 


TABLE  20.  DEMONSTRATION  PROGRAM  OVERALL  SYSTEM  CONCLUSIONS 
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• U.S.  Army  perscnmel  without  prior  qualified  pilot  skills  were  trained  to 
(^rate  Uie  various  RPV  stystem  elements. 

• Checkout  of  RPV  autopilot  loops  by  the  GCS  computer  utilizing  a software 
test  routine  was  routinely  demonstrated. 

• A mobile,  catapult-type  RPV  launcher  was  demonstrated  to  be  reliable  In  its 
primary  function  with  a minimal  crew  size. 

• Automatic  waypoint  guidance,  search,  loiter,  and  final  approach  concepts 
were  successfliilly  demonstrated. 

• Manual  takeover  in  fll^t  to  allow  changes  to  preplanned  waypoints  was 
routinely  demonstrated. 

• Many  off-the-shelf  conunerclal  grade  componoit  parts,  subassemblies,  and 
assemblies  used  in  the  GCS  had  not  been  designed  for  the  wide  range  of 
temperatures,  shock,  and  vibration  environments  encountered  during  the 
field  test  program  and  were,  consequently,  of  less  than  desirable  reliability. 

• Sensor  stabilization  enhances  target  detection,  recognition,  and  tracking. 

• Targets  of  poor  contrast  to  the  background  reduced  the  effectiveness  of 
target  autotracking. 

• Laser  designation  of  a target  from  an  RPV  platform  was  successfully 
demonstrated. 

• Rapid  reorientation  of  the  launch  and  retrieval  directions  to  accommodate 
wind-direction  changes  was  routinely  demonstrated. 

• Configuration  of  the  Aquila  RPV  ssrstem  was  not  conducive  to  raidd  site 
relooatloo. 
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Table  20.  Continued. 


• Dead-reckcming  and  burst  offset  were  not  adequate^  demonstrated,  because 
of  formulation  and  software  Implementation  errors  that  would  have  caused 
unacceptable  program  impacts  to  correct. 

e The  ability  to  manually  slew  the  GCS  antenna  to  reacquire  the  RPV  after 
anomalous  data-link  performance  was  a distinct  advantage. 

• The  RPV  met  performance  specifications  in  maximum  range  (20.5  m),  maxi- 
mum altitude  (12,000  ft),  and  endurance  (3  hr). 

• Performance  of  the  RPV  was  below  specification  requirements  in  weight, 
time-to-cUmb  to  12,000  ft,  and  maximum  airspeed. 
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TITLE:  AQUILA  SYSTEM  VALIDATION  FLIGHT  TEST  PLAN  EM  No.  5583-50 

WBSNo.: 

DATE:  30  Ju]  76 

AUTHORS:  G.  S.  McCarthy  APPROVAL: 

Grover  L.  Alexander 
ENGRG: 

SYS.  ENGRG: 

N.  G.  Tosch 

I.  PURPOSE 

The  purpose  of  this  Engineering  Memorandum  Is  to  define  the  fU^t  test  require- 
ments for  the  Aquila  Validation  Program,  and  to  provide  the  basis  for  Flight 
Test  planning  to  validate  these  requirements. 

n.  FLIGHT  TEST  REQUIREMENTS 

The  overall  approach  for  achieving  Aquila  System  Validation  is  defined  in  Figure 
A-1.  The  objectives  of  Phase  A are  to  demonstrate  ^stem  functions  and  per- 
formance capabilities  and  to  validate  system  test  and  operating  procedures. 

Sensor  performance  and  typical  missions  will  be  demonstrated  in  Phase  B to 
validate  Hie  system  mission  capability.  Jn  Phase  C,  Army  personnel  will  check 
out  the  system  and  conduct  mission  operations  as  the  Rnel  step  in  Phase  I l^stem 
ValidaUcn. 

Figures  A-2  tiirou^  A-12  are  a series  of  Logic  Flow  Charts  eddch  depict  the 
sequmoe  to  be  followed  and  the  parameters  to  be  evaluated  during  Phase  A to 
validate  each  of  the  required  Aquila  system  functional  and  performance  capabili- 
ties. Prinuury  enqdiasis  has  been  given  toward  developing  a minimum-risk 


♦LocBieed  Missiles  ft  Space  Conq>any,  bo. , Tactical  Systems  Engineering 


169 


approach  leading  to  validatloii  of  each  of  the  system  capabilities.  Table  A-1  is 
a summary  of  objectives  for  each  fli|^t  for  Phase  A of  the  Fll^  Test  Program. 

Tables  A-2  throu^  A-5  are  the  detailed  requirements  for  flights  014,  015, 

016,  and  017  respectively.  The  actual  fli^t  plans  will  be  prepared  from  these 
requirements.  Requirements  and  fligbt  plans  will  be  prepared  for  three  fli^bts 
in  advance.  This  scheduling  will  allow  for  the  updating  of  the  plan  for  flicdd 
018  and  subsequent  fllcdds,  based  upon  previous  flifd^t  results  and  achievements. 
Fliidihi  01^8*  ^6,  and  027  are  contingency  flights.  These  flij^s  will  be 

utilized  to  Insure  the  validation  of  test  objectives  from  earlier  fli^its  u^lch 
were  eiflier  not  completed  or  the  data  (Obtained  was  questionable. 

Figure  A-13  is  the  logic  flow  chart  for  the  system  mission  ciq>ability  validation. 
Phase  B of  the  Validation  Program.  Table  A-6  depicts  those  fli^its  required 
for  Phase  B validation. 

Figure  A-14  is  the  logic  flow  chart  for  the  Aquila  System  Validation  with  an 
Army  fli^t  crew.  Phase  C of  the  Program.  Table  A-7  depicts  those  flints 
required  for  Phase  C validation. 


f 
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Figure  A'l.  Validation  Program 


Figure  A-2.  Launch  Validation  Phase  A 


Figure  A-3.  Retrieval  Validation  Phase  A 


Figure  A-4.  {Cwit) 


Figure  A-6.  Mission  Performance  Validation  Phase  A 


Figure  A-7.  Softirare  Validation  Phase  A 


Procedure  Valldaticm  Test  Team  Qualification  Phase  A 


Figure  A-11.  Army  Training  and  Flight  DemooBtratlon  Phase  C 
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TABLE  A-2.  AQUILA  PHASE  A FUGHT  014 


TABLEAUS.  (CONT) 


TABLE  A-4.  AQUILA  PHASE  A FUGHT  016 


TABLE  A-6.  SYSTEM  MIBSION  CAPABIUTT  VALEDATIDN 


NOTES: 

A CONTINGENCY  FLIGHT 
* 4IQff  QBSEEVEBS 


TABLE  A-7.  ARMY  SYSTEM  VALTOATION 

FLIGHT 


PROGBAM  ELEMENT 


ABMT  CREW  TBAIHINS 
4BMT  FAMIL.  FLKXT 
ABUT  ROAD  lABCET  MISSION 
ABMT  FIELD  TABlXT  MISSION 


A 


32 

33 

34 

35 

36 

37 
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NOTE 

A OGETINGBRCY  FLIGHT 

1ft 
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TITLE:  COBBECTIDM  OF  OEnCIENCXES  LEADING  TO  EM  No.:  5580-20 
THE  LOSS  OF  THE  AQUILA  004  AIRCRAFT  WHS  No: 

(FLICmT  11)  DATE:  7 Jon  76 

AUTHORS:  Grover  L.  Alexander  APPROVAL: 

ENGRG: 

SYS.  ENGRG:  H.  R.  AlUwm 

I.  VriaHT  AWOMAT^TRS 

Analysis  of  data  t^pes  reveals  the  fc^owlng  anomalies  associated  wiH: 

flight  11  and  the  subsequent  loss  of  alrorait  004. 

1.  Upon  launoh  the  payload  protector  deidoyed  and  looked. 

2.  During  lU|dd  in  the  w^jrpolnt  xnode»  data  link  dropouts  prompted  Dm 
Test  Dtreotor  to  elect  to  abort  Hiat  portion  of  Hie  fUi^. 

3.  Upon  initiation  of  the  test  of  the  approach  control  mode,  the  recovery 
hook  assembly  failed  to  d^oy,  although  several  attempts  and  man- 
euvers were  made  to  etteot  deployment. 

H.  ANOMALY  RESOLUTION 

Analysis  of  the  data  has  Shown  Hie  following: 

1.  Inertial  and  shook  loads  can  potentially  cause  the  payload  protector 
solenoid  to  release. 

2.  Hm  data  link  dropouts  occurred  at  an  airorafl/traokliig  antemui 
geometry  which  places  the  tracking  beam  in  a command  receiver 

wiM  mU.  TUs  is  confirmed  by  the  fact  Hiat  Hie  dowidink 
video  was  solid  at  the  time  of  link  loss  indtoatton. 

♦LooMmsd  Missiles  b Space  Congiaay,  Inc. , Tactical  Systems  Baglneerlag 
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S.  Hie  latch  (deotronlo)  ivhioh  predudea  more  flum  one  firing  of  the 
recovery  hook  aasemUy  and  payload  proteotor  eolenoids  (to  prevent 
Inadvertent  excessive  voltage  sag  during  loir  RPM  approach)  was 
already  triggered  at  time  of  launch.  This  prevented  the  adenoid 
from  being  fired  at  recovery  mode  Initiation.  Analsrsis  Indicates 
that  the  'ocourranoe*  of  file  electronic  circuit  latching  happened 
between  fiie  pulling  of  the  umbllloal  cord  and  launch  - a period  of 
between  fifteen  to  twenty  minutes. 

m.  CORRECTIVE  ACTIONS 

Hie  fdlowlng  corrective  actions  are  pn^osed: 

1.  The  solenoid  Installation  will  be  modified  to  prevent  payload  proteotor 
drop  doe  to  launch  aooeleratlmm  and  shook. 

2.  Hie  recovery  hook  asseinbly  sheath  will  be  redesigned  to  remove 
metal  porta  to  relieve  the  antenna  nulls  and  resulting  dropouts. 

3.  A procedoro  and/or  software  dumge  wUl  be  aooonqdished  to  prevent 
launch  wtfii  fiie  solenoid  latch  circuit  looked.  In  addition,  an  tn-flight 
reset  ciqpablllty  will  be  provided  to  permit  circuit  reset. 


TABLE  C-1.  '*B»  GRANGES  - AIRFRAME  BIECHANICAL 


TABLE  C 


TABLE  C-1.  (COirr) 


TABLE  C-2.  AQUILA  "B'*  CHANGE  SUMMARY  ENOINE/FUEL  SYSTEM 


IMPROVEMENT  IN 
CLIMB  RATE. 


table  C-2.  (COMT) 


ELIMINATES  A KINK  IN  CLOSED  FUEL  LINE  -NO 

THE  FUEL  LINE.  OPERATIONAL  PROBLEMS. 


TABLE  C-2«  (OONT) 


SNOIIIO 


TABLE  C*2.  (CONT) 
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TABLE  C-3.  RPV  ELECTRICAL 


o Msiffli  nffBovHgai  ^ 

o TEST  GCNtiBCntt  HU»  ACCBSSIBUB  THBDUGH  EPV  SKIM 

o PROVIDB  ACCESS  TO  IMOSED  TELEMBTKT  CBAMNBLS  VIA  SPECIAL 
IMSTUJMEIITmON  OQNHBCTOR  ZM  UAlNBSS 

o PBOyW  POLL-AUAY  DESIGN  TO  UMBILICAL  DISCGMHBCI 

o PROVIDB  POMBE  DISOONMECI  fOR  RADAR  BEACON 

o ADD  CARBURATOR  AIR  TEMPERATURE  TRANSDUCER 

o AK)  PAYLOAD  BUFFER  ELECTRONICS  TO  PREVENT  ERATIC 
PAYLOAD  BEHAVIOR  DURRIG  LIMK  U>S8 

o BBsifiH  Bvauniai 

o DELETE  HOOK  RELATED  WIRINC 

o REVISE  HAMESS  TO  IMOORPORATB  CHANGES  PATCHED  INTO 
PREVIOUS  HAMESS  DUION 

o miAMilW 


! 


o REPLACE  AOCBLnOiaiBl  VITH  IMPROVED  DISIGH.  KK18I1HQ  UNIT 
DI6IADBD  UNOBR  VIBIAZIM. 

o RKPIACE  SERVO  MOTOR  IN  SERVO  ACTUATOR  NITR  H1I»BR  qmJXt 
MOTOR. 
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TABLE  C-4.  FLIGHT  CONTROL  ELECTRONICS 


i 


o Msioi  TMPBOVBmrr  | 

I 

o ADD  DEAD  RECKONING  INTEGRATOR  CLAMP  AND  GC8  TRIM  CAPABIUTT 

o REVISE  ACCELERCMETBR  INTERFACE  TO  ACOCMODATE  HIGHER  qOAUTT 
ACCELEROMETER 

o TIM  RECHANNELIZATION  - INCREASE  STATUS  DATA  CHANNELS  BT  SUB- 
GOIMITATING  SLOWER  DATA 

o REVISE  DESIGN  TO  PREVENT  DEPLOTMEHT  OP  PAYLOAD  PROTECTOR  WHEN 
RPV  POWER  IS  APPLIED 

o ADD  FILTERS  TO  RATE  GYRO  OUTPUT  TO  ELIMINATE  ELEVON  SERVO  FLUTTER 

o INCREASE  DYNAMIC  RANGE  OF  PHUGOID  DAMPER  TO  PREVENT  FLIOEC 
INSTABILITY 

1 

o REVISE  DESIGN  TO  PROVIDE  RAMP  INSTEAD  OP  STEP  TO  THROTTLE  SERVO  | 

DURING  LINK  LOSS  AMD  ABORT  j 

o REVISE  APPROACH  ABORT  AND  LINK  LOSS  TO  ELIMINATE  POSSIBILITY  OF 
STALL  AND  FOR  FASTER  CUMB  RESPONSE 

o REVISE  VERTICAL  GYRO  CAGING  TO  OCCUR  SIMULTANEOUS  WITH  PAYLOAD  CAGING 
o REVISE  SCALE  FACTOR  OF  VERTICAL  GYRO  TIM  DATA 

o BBHABlUTlf  QIAHCEa 

o ADD  POWER  TURN  ON  SURGE  PROTECTION  TO  INTEGRATORS 

, o ADD  INPUT  PROTECTION  TO  MULTIPLIERS 

f 

I o ADD  INPUT  PROTECTION  TO  CMOS  DEVICES  (WHERE  POSSIBLE) 

i 

I o DESIGN  EVOUITIOM 

I o UPDATE  PRINTED  CIRCUITS  TO  INOORP(»ATE  DESIGN  CHANGES 

I o MLETE  OBSOLETE  HOOK  DEPLOYMEIIT  CIRCUITRY 
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TABLE  C*-5.  RF  LINK  "B"  CHANGES 


o RF  LINK  TEST  NBTUORK 

o ANTBIOU  OOUPURS 
o SWITCHABLB  ATrSNULTOSS 

o ANTENNA  WIND  PRORCTION 

o TRACKING  ANTENNA  SCAN  CONVERTER  NODinCATlON 

> 

o INCREASE  COMIANO  LINK  SBNSITIVITy  | 

o DIPLEKBD  WITH  DOWNLINK  DISH  FEED 

o RELOCATED  RFV  RECEIVER  ANTENNA  TO  FAVORABLE  FOSITIOH  ] 

t 

o INCREASE  TUl/VIOBO  LINK  SENSlTIVITy  | 

o ADDED  FOUR  HELIX  ARRAY  FOR  LOW  GAIN  I 

o AIHMD  PREAMPS  { 

o RECONFIGURED  RF  SYSTEM  TO  IMPROVE  S/N 

o IMPROVE  TRACKING 

o INCREASED  LOU  GAIN  SERVO  LOOP  GAIN 
o MODIFY  ANTENNA  CONTROL  UNIT 

j o ADD  NULL  GATE  , 

o STABILIZE  BIAS  CIRCUIT 
1 o BALANCE  I»M0DULATOR 

o MINOR  LOBE  LOCKING 

I o LAUNCH  IN  LOU  GAIN 

o ANTENNA  CONTROL  UNIT  MODIFICATION 


TABLE  C-6.  SUMMARY  OP  THE  OCS  ANTENNA  CHANGES 


TABLE  C-7.  EVALUATION  OF  ANTENNA  MODIFICATIDN 


AKTBIUI  fEUORMMCB 


L - 3.04  4b 


6 - U ft  • 5.S  ft 


FZCOtt  or  MEKZZ 


L - 3.75  ft 

MZH^  1!^  • -t-z.n  ft 

G « 24  ftt  nr  • 5.5  ft  ^ 


1.  • l.ff  * 

. ■ - . Sl-H.fS 

"1 


6 - 24  At  «r  • 2.7  ft 


- 21.43  ft 


ELEVATION  ANGLE  (DEG) 


SERVO  ERROR 


Flgaze  C-2.  Aatenna  Coatrol  Unit  Modificatioa 


TABLE  C>6.  GCS  CONSOLE  "B"  CHANGES 


o MODmaiTIONS 

o HCMK  > PASACHDIB  DILBnON 
o IN  FLIiatT  DIAGNOSTIC  PAUL 
o PHASE  IV/V  SENSOR  OONPATIBIUTT 
o CPU  HOD  FOR  DIAGNOSTICS 
o DEAD  RECKCMING  TOME 
o CAHESA  PRMAE  COUHTER 
o CONPUIER  SWITCH  SHIELD 
o SECCND  TOPAZ  WIT  INCORPORATICN 
o WAYPOINT  DISPUY  NOISE 
o FAIL  SAFE  LAWCH  VELOCITT 
o PAYLOAD  GYRO  ERECTION  COMIAND 
o AUXILIARY  EQUIPMENT  RACK  CONFIGURATION 
o TRAINER  SIMULATOR  INSTALLATIW 
o LASER  ENABLE  SWITCH 
o INTERCOM  BUFFER  AMD  WIRING 
o SENSOR  OPERATIONS  PANEL 
O GSS  CONNECTOR  PROTECTION 
o GSS  HEADSET  STORAGE 

o ATP  CHANGES 

o INCORPORATE  "B"  CHANGES 

o INCORPORATE  ALTITUDE  AND  IAS  COMMAND  AND  STATUS  METER  CALIBRATION 
o INOORPORATE  IN  FUGHT  DIAGIK)STIC  PANEL 
o INOORPORATB  ANTENNA  CONTROL  WIT  M0DIF1CATIW8 


TABLE  C-9.  AQUILA  "B"  SOFTWARE  CHANGE  SUMMARY 

1.  DEAD  RECKDMIHG 


I 


! 


o CORRECTED  KACNETOKETER  SIGNAL  POLARm 
o ADDED  MAGNETIC  DEVIATION  CORRECTION 
o HARDWARE  CHANGE  REQUIRED  FOR  DR  TERMINATION 

2.  RFV  ROLL  STABIUZATION 

o ATOITION  OF  LEAD-LAG  TO  RATE  TERM  IN  HEADING  RATE 
COtMANDS  (±  12°/SEC  TO  + 6°/SEC) 
o INCREASE  UPDATE  RATE  TO  2 SAMPLES  PER  SECOND 
o ADD  H LIMITS  TO  0.4  DEG/SEC^ 
o INCREASE  R LIMITS  TO  1.2  DEG/SBC^ 

3.  DECOHNDTATION  OF  RPV  MULTIPLEX  CHANNELS 

o RESTORE  SENSOR  DATA  LINK  CHANNEL  FUNCTIONS  AMD  RRAIM 
RFV  STATUS  DATA 

4 . SENSOR  DEIRE88IOH  ANGLE  DISPLAY  CALIBRATION 

o 15  DEGREE  ERROR  REMOVED 

5 . VERTICAL  GYRO  ERECTION  CUT  OFF  CONTROL 

6 . TARGET  lOCAXIOH  COMPUTATIONS 

O MAGNETIC  BEADING  CORRECTIONS 
O ARTILLERY  AOJUSlIBNT  CORRECTIONS 
o COMPUTSD  AVERAGE  VALUES  FOR  DISPLAY 
o INCREASE  GYIO  OUTPUT  VALUE  RESOLUTION 
o COERICISD  TARGET  LOCAIIOR  EQUATIOH  SIGHS. 

tlO 


I 


i 


i 


TABLE  C-10.  AQUILA  SOFTWARE  CHANGE  RECOMMENDATION  SUMMARY 


7.  lATB  FILTER  DIITIALIZAnGM 

o XHniAUn  RATE  FILTER  TO  PERMIT  LOITER  OVER  TARGET  AMD  1100  M 
OFFSET  FROM  TARGET. 

8 . tIASE  11  CAMtRA  DATA  IMIIIALIZAIKII 

• JUB  VRAM  COURT  AMD  MISSION  TIME 


811 


t 


TABLE  C-11.  RETRIEVAL  SYSTEM 


(XHoo)  ni 


TABLE  C-12.  LAUNCHES  SYSTEM 


TABLE  C-12.  (CON79 
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Ai^pendlx  D 

ENGINEERING  MEMORANDUM* 


1 

j 

i 


TITLE:  AQUILA  FLIGHT  PERFORMANCE 

AUTHORS:  J.  H.  McVenum 


1.  INTRODUCTTON 

Thla  memo  presents  AquUa  FHc^  performance  characteristics,  as  derived  from 
the  present  Ft.  Hhachttca  fUffista,  for  dllfereot  welc^s  and  altitudes.  Ih  addi- 
tion, comparison  is  made  between  the  predicted  and  actual  performance  to 
understand  better  the  dUferences  between  wind  tunnel  and  fl4^  test  results. 

n.  DISCUSSION 

The  basic  measure  of  vehicle  performance,  demonstrated  rate  of  climb,  is  shown 
in  Figure  D-1  for  different  vehicles,  altitudes,  and  weii^its.  Correcting  the  alti- 
tude variable  to  a common  level  (2000  m)  results  In  a variation  with  wei^  as 
shown  in  Figure  D-2.  The  climb  rate  variation  at  about  *20  percent  represents 
both  the  difference  between  vehicles  and  the  difllcu!^  of  controlling  and  mea- 
suring fU^  c<»aditl<ms.  Ih  tills  groiqp  of  four  veliioles,  No.  006  was  the  lowest 
performer. 
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Rate  of  climb  and  descent  performance  are  given  in  Figures  D-3  throng  D-10 
based  on  test  data  and  analysis  to  account  for  weij^t,  altitude  and  speed. 


K was  recognized  early  in  the  flij^t  test  program  that  vehicle  performance  was 
less  than  predicted.  This  was  attributed  to  error  in  the  vehicle  drag  or  thrust 
estimates.  Ibe  best  current  estimates  of  the  vehicle  drag  and  tiunist  character- 
istics are  given  in  a 1977  LMSC  report.  * In  the  reference,  the  lift-drag  polar 
(Fig.  5-1)  is  based  on  wind  tunnel  test  of  a half -scale  model  with  estimated 
allowance  for  die  differences  between  the  model  and  flifdd  vehicle.  The  pro- 
peller thrust  characteristics  (Fig.  5-41)  are  from  wind  tunnel  test  of  an  actual 
Anpiila  propeller,  wldiout  duct,  on  another  RPV.  Estimating  fli{^t  performance, 
using  these  drag  and  thrust  curves  and  the  flight  test  propeller  rpm,  results 
in  predicted  performance  greater  than  test  results  as  shown  in  Figure  D-11. 

R is  not  clear  Pettier  the  thrust  or  drag  is  at  fault.  Arbitrarily  reducing  thrust 
IS  percent  and  adding  0.005  to  the  drag  coefficient  results  in  closer  agreement. 
(Other  more  or  less  proportionate  changes  in  the  thrust  and  drag  could  also  be 
used  to  match  the  test  data.)  The  relative  effect  of  these  adjustments  on  thrust 
horsepower  are  shown  in  Figure  D-12. 

Airqjeed- altitude  fllsht  envelopes  were  derived  for  different  weights  on  the 
basis  of  the  adjusted  thrust  and  drag.  The  climb  rates  from  minimum  to  maxi- 
mum alrqpeeds  are  shown  in  Figures  D-13,  D-14,  and  D-15.  Minimum  air- 
speeds are  based  on  elevon  deflection  limit  (-20*)  at  maximum  lift  coefficient 
^m  the  wind  tunnel  data,  as  shown  in  Figure  D-16.  No  fll^  tests  were  done 
to  eoqdore  low-speed  characteristics.  Flight  test  indioates  that  elevon  defleo- 
tlona  for  low  speed  may  be  greater  than  indicated  by  wind  tunnel  test  as  shown 
in  Figure  D-17.  V so,  then  ftie  minimum  fl4^t  q>eed  at  elevon  deflection  limit 
will  be  higher  than  presently  estimated. 


*1JI8C-L028081,  Part  4,  May  1977,  Aerodynamjcs 


Best  ollmb  qieed  Is  about  105  km/h  TAS  for  ttte  weitfits  and  altitudes  Investi- 
gated. lUs  airspeed  eerreqMnds  to  90  kmA  IAS  at  2000  m altitude,  typioal 
of  Aqulla  flight  operatlone  at  Ft.  Huaobuca.  Maarimum  rate  of  ollnib  Is  shotm 
In  Figure  0-18.  TblB  curve,  derived  from  die  thrust  and  drag  adjustments  to 
fit  vehlole  013  performanoe.  has  about  20  m/min  better  ollmb  than  the  ollnib 
rate  shown  earlier  In  Figure  D-3  adiloh  was  based  on  a groiqi  of  vehicles.  The 
loss  In  climb  rate  with  altttode  Increase  or  welg^  Increase  Is  the  same  In  boUi 
oases.  Figure  D-18  and  Figure  D-3. 

Maximum  level  flight  qm«da  are  given  In  flie  airspeed-altitude  fll^  envelopes. 
Figure  D-19  and  D-20,  as  derived  from  the  zero  ollmb  rate  speeds  of  Figures 
D-13.  D-14,  and  0-16.  Again,  tbeae  speeds  are  for  the  adjusted  thrust  and 
drag  curves  to  fit  one  vehlole,  and.  If  we  can  eqmot  to  see  20  m/mln  variathm 
In  climb  rate  between  vehicles,  then  mairiTwiim  speeds  could  be  to  vary 

5 to  10  kmA  TAS  between  vehicles,  depending  on  wel^  and  altitude. 

Airspeed  and  density  altitude  curves,  for  performanoe  analysis  and  fll|d>t  opera- 
tion, are  given  in  Figure  0-21  through  0-24.  The  airspeed  correction,  true 
vs.  Indicated,  given  in  Figure  D-21  accounts  for  boUi  altitude  density  effect  and 
file  airqieed  sensor  errors.  These  errmrs,  for  the  pitot-statlo  faatoiiaHww  and 
pressure  transducer,  are  also  shown  separately  in  Figure  D-22  and  D-23. 

Flh^  test  airspeeds  were  corrected  on  file  basis  of  these  curves, 

the  differences  between  vehicles  and  the  wind  tunnel  airspeed  calibration  data 

were  small. 

m.  aUMMARY  AND  CONCLUSIONS 

F14ht  performance  oharaoterlstios  have  been  established  on  the  basis  of  flight 
test.  Flight  data,  limited  to  Ft.  RUaohuoa  test  conditions,  have  been  eiqianded 
in  scope  to  other  altitudeo,  speeds,  and  wel^its  by  anatytloal  means.  Climb 
performanoe  is  based  on  a group  of  flight  vehlole  thfia.  Including  lower  prriformaaoe 
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Max.  rate  of  dlmb* 

Rate  of  descent* 

Rate  of  climb  ys.  veloctty** 
Airspeed  - altitade  envelope** 


D-3,D-4 

D-5  tbroug^  D-10 

D-18,D-14,D-16 

D-19,D-20 


FUc^  petformance  predicted  <m  the  basis  of  wind  tunnel  data  Is  bitter  than 
fll^  results.  We  need  to  Improve  our  analytloal  model  of  both  Ibe  veblele  and 
propulsion  oharaoterlstlos  for  better  prediction  and  amdysls  of  vehicle  per- 
formanoe. 


*Baaed  on  nominal  fll|^  teat  data. 

**Based  on  hli^  performance  fll^  test  88,  RPV-STD-013. 


OBESITY  ALTITUDE  (M) 


FUGHT  TEST  CLIMB  RATES  ADJUSTED  TO  2,000-M  ALTITUDE 
ASSUMING  -35  M^IN  FBI  1 ,000  M 


flfBM  D-2.  GUaib  Con«lttll«a  M 2,000>tti  Dmrtty  Altitad* 


m 


10,000 


Flgttva  I>>4.  Ctlmb  Performance,  English  Units 


Ftfore  D-7.  Rite  of  Deaoent,  160  lb,  TAS 
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RATE  OF  DESCENT  (M/MIN)  RATE  OF  DESCENT  (M^MIN) 


r 
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60  80  100  120  140  160 

INDICATED  AIRSPEED,  IAS  (KM/H) 


180 


Figure  D-8.  Rate  of  Deeoent,  ISO  Ib,  IAS 


DENSITY  ALT.  = 5,500  FT  (1,680  M) 
AVERAGE  FLIGHT  WGT.  = 132  LB 

FUGHT  TEST  RPV-STD  -013, 

FLIGHT  38,  1 APR  1977 


Figure  D-11.  Performance  (forralatloa 
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THRUST  HORSEPOWBt 


RATE  OF  CLIMB  (M/MIN) 


RATE  OF  CLIMB  (M/MIN) 


RATE  OF  CUMB  (M/MiN) 
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Figure  D-15.  Rato  cf  CUodb,  1501b 


m 


TRIM  ANGLE  OF  AHACK , a (OEG)  TRIM  LIFT  COBTICIENT, 


r 


60  80  100  120  140  180  180 


IAS  (KM/H) 

Fl9ir«D-l6.  Trim  Angl*  of  Attack  aiid  Lift  CMmeiMt 
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A CLIME  VEHICLE  012 
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4 


S 0.4^ 


OH 

- 

0 

0 

/ 


EUVON  DEFLECTION,  0 (DEO) 


Flfan  I>>17.  Elevott  Piteh  Trin  Angtos 


1,000 


1976  U.S.  STD.  ATMOSPHSE 

ENGINE  » MC101 

RATED  1 1 .7  HP  AT  8,300  RPM 

ALTERNATOR  LOAD  = 0.7  HP 

CLIMB  AIRSPEED  « 105  KM^  TAS 

ASSUMING:  85%  THP  , C,.  + 0.005 

a u 


SERVICE  CEILING 
(30  ^VMIN) 


CRUISE  CEILING 
(POA^MIN) 


WEIGHT  (LB) 


MAXIMUM  RATE  OF  CUMB  (M/MlN) 


Figure  D-18.  Mexlmnni  Rate  off  CUinb 
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Airapeed/Altltude  Fli^  Envelope,  TAS 


figure  D-20.  Airepeed/Altttude  Envelope 


TRUE  AIRSPEED  (KiA/H) 
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CAUBRATB)  AIRSPKO  (KM/H) 
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FignreD-as.  CaiUnmltd  AinpMd 
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DENSITY  ALTITUDE 


AppendlK  E 

FLIOBT  TEST  LOG  SHEETS 


The  enolosed  log  dieete  Show  ihe  data  reooided  and  eompmted  for  all  sensor 
fillets.  Hie  missing  fli|^  numbers  In  foe  sequence  tram  FUf^t  43  to  Fll|^t  65 
are  for  Aqulla  aerodynamic  performance  flints  In  ufoteh  a Songr  camera  eras 
used  In  place  of  foe  sensor. 

Onlj  a few  flUdits  were  used  to  obtain  spatial  resolution  data,  which  have  been 
computed  In  TV  lines  per  picture  heiid^t  from  foe  video  tapes.  All  distance 
measurements  are  In  meters.  The  ground  error  value  in  the  target  location 
measurements  was  calculated  from  the  RS8  value  of  foe  calculated  northing  and 
easting  errors.  It  represents  foe  ground  dtstance  between  actual  target  location 
and  calculated  target  locatloa. 
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Table  E-1 


AQUILA  PLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  43 


Launch  Tim* 
Sansor  No._ 


Flight  Oat*  B-3-77  Loum 

Flight  No.  43  S*nM 

RPV  No.  M 

Sonsor  Oorotor  Stlth 

T**t  ObfoctivM  Phaae  I - 8eMor  F 


Rosolution  M*asur*m«nt 


Sontor  Downiook  Angl*  _____  8° 

Santor  Fl*ld  of  Vlaw 

Cantor  Rosolution  — High  Contrast  MO  TV 
— Low  Contrast 
No . of  Torgats  Attamptad  ^ 

Dataetion 


Torgat  Typa  _ 
Torgat  No.  _ 
RPV  EasHi«. 
RPV  Northing 


Flight  Duration  _ 
Software  Version 


. Waathar . 


Racoanition 


Target  Typ*_ 

Torgat  No 

RPVEosHtv  _ 
RPV  Northiiv , 

Tim* 

FOV 

Rang*  

Comments 


Vaiy  emtio  - dittoolt  to  get  good  rnenlntlnii  - eneastae  lau 
motton 

Operator  not  fiuiilltor  arIQi  rug*  or  target  looatfoa  - targete 
laoorreetljr  eoed 

300  m traeUag  error 


Table  E-2 

AQIHLA  FLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  45 


Flight  Data 
Fllght  No. 

RPV  No 

Sonsor  Oparotar  Sttth 
Taft  Obfaetivas  ^’*****  ^ 


Launch  Ttma  Flight  Dufotion  t 

Saraor  No. X=liL.  SofKMro  Vareion  .*L 


Waathar  Wind 


Resolution  Maosuramant 


Tima 

Saraor  Downlook  Angle 

Sensor  Field  of  View 

Canter  Resolution  - High  Contrast 
- Low  Contrast 
No.  of  Targets  Attempted  ___ 
Dataction 


Target  Type 

Torgat  No. 

RPV  Easting  - 

RPV  Northing 

Time  ■■ 

FOV 

Range  

Recognition 


Target  Type. 
Target  No.  _ 
RPV  Easting  . 
RPVNorthiiv 


Comments  Tugat  plaoemaoi  ia  goeottoeable  on  OiIb  fllidd  - targets 

tnoorreotly  coed 

Caniot  use  maoluBdeal  oaga 

Sensor  arratie  - eaeasstva  Image  motion 

800  m traoklsig  error 


I 


{ 


r 


) 


I 

I 
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Table  E-S 

AQUILA  FUGHT  TEST-SENSOR  DATA  LOG.  FUGHT  46 

Filghf  Oat*  S-13-77  Launch  Tim*  >0«00  Flight  Duration  _ 1 hmir  IB  min 

Flight  No.  46  Samar  No.  T80t SoftvMiro  Vonlon  iZ  ...  ... 

RPV  No IS 

Sonsor  Opamtor  Stltii  Waothar  ____________________ 

Tait  Objaetlvof  _ Phaae  HI 


Rosolution  Maoiuramant 


rtmm 

Samar  Daiwnlaak  AngU 

Samar  Plaid  af  Vlaw  _ 

Cantor  Ratolutlon  — High  Contrast 

— Low  Contrast 

No.  of  Torgats  Attamptad 


Commtmtt  Senoor  loekad  in  madumloal  oaga  - no  tugattBr  data  takon 

Loot  video  - due  to  ovoxteattag  of  ttta  atUoon  vldoo  tabe  (P/L-S04) 
lUa  raaidtad  from  tha  "out  of  aaohaatoal  oaga  ecBBBiiBd" 
iaaaed. 

Boll  ooolllatloa  at  17  to  81  tan  range 


1 


I 


UT 


TABLE  E-4 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOO.  FUOHT  47 


Flight  Oat*  __ 

Flight  No 

RPV  No 

SofiMr  Oporoter. 
T«tt  Obioetivoi 


8-14-77  Launch  Tima  7i00  Flight  Duration 


87  Soncor  No.  T-IO  Softworo  Vonlon . 

* eonora  01 

Anny Woothor  Calm 

Pteoo  I and  n - Coman  Parfbmanoe  Evoluotioii 


t with  a 


Rosolution  Mooiuramant 


Sontor  Downlook  Anglo 

Soncor  Flold  of  Viow  _______ 

Contor  RoMlution  — High  Contract 
- Low  Contract 
No.  of  Torgotc  Attomptod  ___ 
Dotoetlon 


Torgot  Typo 

Tofgot  No.  __________ 

RFVEoctiiv 

RFV  Narthir« 

Timo  _____________ 

FOV 

Rongo  

Roeognition 


Torgot  Typo  _ 
Torgot  No.  _ 
RFV  Cocting  . 
RFVNarthlim 


Commontc  No  taigoto  dotootod  on  ttto  fHght  - caoooo  tanago  aaottoo 

Iteoo  dood  roohoolig  logo  lloiHi -doolatod  ftooc  plNcaod  potion 
Biccraoi  ffo  ■■♦PhHoRmt  of  llak  rogMrod 

Aooo  n eomon  cuvetood 


Table  E-5 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  48 


5-14-77 


48 

IS 

Launch  Tima 
SaiMor  No I32i 


Fltghl  Duration  P>in 
SofKrare  Version  42 


RPV  No.  »» 

Sensor  Operator  Wrtib 
Test  Obfectlves 


- Wtothtr  - 

Pliase  m Senaor  - Check  flight  to  verier  Ph— e in  senaor. 


IM  M '‘i'O* 


Resolution  Meosurement 


Sensor  Downlook  Angle 

Sensor  Field  of  View 

Center  Resolution  — High  Contrast 
— Low  Contrast 
No.  of  Torgets  Attempted  _____ 
Detection 


Target  Type 

Target  No. 

RFVeasr}i« 

RPV  Northifv 

Time 

FOV 

Range  

Recoanitlon 


Target  Type 

Target  No. . 

RFV  Costing 

RFVNerthlrv 

Time 

FOV  

Range 

Comments  Mot  Tanettaa  Fll| 


Mot  Taigettag  Flight  - Sensor  Opentor  did  look  on  objeets  for  praotlee. 

Lots  of  dlstnetlaii  In  DCS 

Crash  (flown  Into  UU)  - Opsmtor  error 


MS 


Table  E-6 

AQUILA  FUQHT  TEST-SENSOR  DATA  LOO,  FLIGHT  49 


Flighr  Oat*  S-19-77  Launch  Tim*  Flight  Owation 

Flight  No.  *9  Sensor  No.  ’^0*.  ■ Software  Version  — 

RPV  No 15 

Sensor  Operator  Weather  

Test  Objectives  Phme  m - Primary  detection  of  road  and  field  targets 


Launch  Tim*  Tt86  Flight  Duration  ^ 
Sensor  No XSSi — Software  Version 


LSiJ 


Road 

Field 

Field 

Field 

Rood 

48 

Tank 

Apex 

110 

48 

72059 

73635 

70889 

67928 

Resolution  Measurement 


Sensor  Oownlook  Angle 

Sensor  Reid  of  View  _______ 

Center  Resolution  — High  Contrast 
- Low  Contrast 
No . of  Targets  Attempted 
Detection 


Torget  Type 

Target  No. 

RPV  Easting 

RPV  Northing 

Tim*  - 

FOV 

Rang*  

Recognition 


Target  Type 

Target  Na.  - - 

RPV  Eastli« 

RPV  Norlhiiv 

Tim* 

FOV  

Rang*  

Comments  SMoer  CoBtrol  1 


7rt6:52 

8:01:17 

8d>l:17 

35 

70 

70 

96730 
7;80;56 
20  deg 
2099 


97998 
7;52802 
20  deg 
2515 


7:55:01 


95742 
8:05:30 
15  deg 
1805 


93994 

8:16:05 

AR 


Rood  Field  Field  Field 


48  I Tank  I Apex  110 


72599  74350  70499  72332 


97115  98465  01016  96974 


7«0«6  7:52:30  7:55:32  8:06:31  I no  look 


AR  AR  AR  AR 


1490  1736  1502  835 


Seaaer  CoBtrol  Baadl*  Looe*  - AQL  » 700  m 

LOS  Aagl*  off  bjr  16  dof 

R • HariMBtal  reaetattoa  moaoeremeat 

V ■ Verttoal  roeolottoD  meoaareiaeat 

AR  « FOV  aeleoted  as  rsqalred  by  operator  - vahw  not  reoorded 


180 


Table  E-4  (Coat.) 


1 


Flight  Date S-i9-77  Launch  Tima Flight  DuraHon  _ 

Flight  No.  **  (Coattmad)  Sansor  No.  SoftvMira  Version 

RPV  No.  

Serwor  Qpowrtaf  Weather 

Test  Objectives 


Resolution  Measurement 


Se'*f4'  OqwnlooV  Angt^ 

Sonfor  pi«ld  of  Vl«w 

Center  Resolution  — High  Contrast 

— Low  Contrast 

Detection 

Target  Typo 

Road 

Field 

Field 

Road 

Aoex 

To^e*  No, 

110 

33 

92 

48 

ROV 

69044 

72784 

66647 

69817 

60458 

RPV  Northing 

94164 

97258 

00947 

95105 

98374 

Tlmn 

8>17t23 

8:19t23 

8:25:45 

8r(7:54 

8:55:17 

FOV 

AR 

AR 

AR 

AR 

AR 

3445 

3024 

2470 

2812 

4383 

Recognition 

Rood 

Apex 

Toigot  No. 

110 

33 

92 

48 

RRVEoitIng 

71327 

73446 

72123 

RFVNorthlnp 

96156 

00371 

no  lock 

96731 

no  look 

Ttmn 

8il8t22 

8t21t34 

8:40:32 

FOV 

AR 

AR 

AR 

Ronge 

1300 

740 

Comments  Seneor  Gcotrol  hendle  looee  - AOL  w 700  m 

LOS  Angle  oft  by  U deg 


S51 


Tible  ^ont.) 


Flight  Oat*  . 
Flight  No.  iliS 

RFV  No.  

Sofuor  Oporator. 
Test  ObjocHvw  . 


5-l>-77  Launch  Tim*  1t86  Flight  Duration  1. 
nntimmi)  Sontor  No.  i.  SofKvar*  Version . 

Woothf 


Resolution  M*osur*m*nt 


T8m» 

Sensor  Downlook  Angle  -- 
Sensor  Field  of  View 
Center  Resolution  — High  Contrast 
- Low  Contrast 
No.  of  Targets  Attempted  ___ 
Detection 


Tabl«  E-7 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FUGHT  50 


Flight  Oat* 

Flight  No §0 

RPV  No.  11 

S«nsor  Opfotof  Stti 

Ttst  Obf*etiv«s  — Wx 


5-28-77 

50 

14 


Launch  Tim*  Ttl4  _ Flight  Duration  ^ hoa 
Soraor  No. SofNvor*  Vonlon  .iS. 


Sttth/Webb 

PhoB*  m - Seaaor  Fli 


W*ath*f  Calm 


Tim* 7:52 

S*nsor  Downlook  Angle ^*5 

S*nsor  Field  of  View 

Center  Resolution  - High  Contrast 

- Low  Contrast  1^70  TVL 
No . of  Torgets  Attempted 
Detection 


Resolution  Measurement  


Table  E-7  (Conk.) 


Flight  Date  __ 
Flight  No.  22Li£ 

RPV  No 

Soraor  Oporator, 
Tost  Obfoctivoi . 


5-23-77 


Louneh  Timo . 
Sontor  No.. 


Flight  Duration  . 
Softvrero  Vorsion . 


. Woothor , 


Rosolution  Moosuromont 


Tim» 

Soraor  Downlook  Anglo 

Sonsor  Fiold  of  Viow  _______ 

Contor  Rosolution  - High  Contrast 
- Low  Contrast 
No.  of  Taigots  Attemptod  ____ 

Ootoetion 


Table  E-7  (Coat.) 


Flight  Oats  5-23-77 
Flight  No.  80  (Coetlwod) 

RPV  No.  

Sontor  QporatOf 

Test  Objectives  _______ 


Resolution  Measurement 


TI«m 

Sensor  OoMnlook  Angle 

Senior  Field  of  View 

Center  Resolution  - High  Contrast 
- Low  Contrast ! 
No . of  Targets  Attempted 
Detection 
Target  Type . 

Target  No . - 
RPVEaiHi«_ 

RPVNorthim 


Launch  Time 
Sensor  No.  - 


Flight  Durotion  _ 
Software  Version . 


..  Weother . 


no 

48 

73 

69254 

74765 

66924 

94674 

98041 

01051 

8:49:30 

8:52:42 

8:58:30 

AR 

AR 

AR 

3680 

1287 

3371 

Target  Type  — 

Target  No. 

RFV  Easting  — 
RPVNorthiiv. 

Time 

FOV  

Roige 

Comments 


8:51:24  B;53d>2 


73 

66347 

00957 

8:58:44 

AR 

3658 


256 


Table  E-8 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  54 


Riokirton  M<e«uriwf>t 

Tim* 

S«raor  Downlook  Angle 

Sensor  Field  of  View 

Center  Resolution  — High  Contrast 
— Low  Contrast 
No.  of  Torgets  Attempted 


Table  E-ft 

AQUILA  FLKaT  TEST-SENSOR  DATA  LOO,  PUOHT  55 


Flight  Data 
Flight  No.  SS 

RPV  No “ 

Soraor  Oaorotor  Stttti 
Tost  Ob{octives  ^ 


Rosoiutlon  Maosuromont 


Tifflo  - 

Soraor  Oownlook  Anglo 

Soraor  Fiold  of  Viow 

Contor  Rosoiutlon  - High  Contrast 
- Low  Contrast 
No.  of  Torgots  Attomptod  ___ 
Ootoetlon 


Launch  Tlmo  Flight  Duration  _ 

Soraor  No ZSSii — Software  Vorsion  . 


, Waothor . 


Target  Typo  _ 
Target  No.  _ 
RPVEaiHi«- 
RPVNarfMm 


Comments 


No  tafget  deteetti 
Snaor  dsme  fora 


Snaor  dsme  foaod  to  bofe  a ook  liter 
CeaU  aot  nC  oat  of  seAmeal  eaga 


Table  E-10 

AQiniiA  FLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  56 


Flight  Date  6-16-77  Launch  Tima  _____  Flight  Duration  T-4na 

Flight  No.  66  Sensor  No.  T40i1  SoftvMire  Version  SJ 

RPVNo.  16 

Sensor  Operator  Weather  _____________ 

Test  Objectives  First  YAG  flight  tn  RPV. 


Resolution  Measurement 


Sensor  Downlook  Angle 

Sensor  Rt  Id  of  View 

Center  Resolution  - High  Contrast 
— Low  Contrast 
No.  of  Targets  Attempted  - - 

Detection 

Target  Type 

Target  No.  ■ 

RPV  Eosting 

RPV  Narthii« 

Time 

FOV 

Range 

Recognition 

Target  Type 

Target  No 

RPVEosHi^  

RPV  Nortbiiv 


Table  E-10  (Cont.) 


Flight  Data  6-16-77 
Flight  Numbar  66  (Contlimad» 


Sansor  No 
Lcoar  Typa 


Losar  Dasi 


Torgat  Typa 
Toraot  No. 


17:11:10  17:12:42 


Black 


Road 


48 


17:13:37  17:14:45 


17:16:45 


Black 


97043 


Toigat  on 

RPV  Northii^  _ 

RPV  Gotting 

RPV  Altihida  — 
Ronga  (Voiea)  ^ 
Ronga  Computad 
Tofoat  Location 


Actual  Northing  

Actual  Easting  ,-■■■■ 

Actual  Altitude  — — 

Maosurad  Northing 

Maasurad  Easting 

Maosurad  Altitude 

Northing  Error  . , .. 

Easting  Error 

Altitude  Error  ....  - . . 

Ground  Error 

Comnwnts  Came  out  of  mechanical  cage  on  Uda 

Lost  video  at  17:22dl6  after  oonalderable  blooming 

Errors  in  altttade/rsnge  formulatloo  determined  (Software  Version  51) 
datalnvidld 


73705 


1289 


97563 


75350 


1280 


99807 


259 


\ Tvm  - - . 

Road 

Road 

48 

48 

48 

Teak 

10sl6:lS 

10:17:08 

10:18:32 

10:20:23 

10:25:22 

10:26:19 

Black 

BUok 

Black 

Black 

Black 

Black 

^P^/  N«r»htfig 

95703 

96722 

96601 

98545 

01216 

ESSHi! 

70763 

72134 

71893 

74380 

68288 

68771 

BPVai*th»u 

700 

800 

700 

800 

700 

800 

i (Vale.) 

Ronae  Computed 

rmm 

2081 

2298 

1707 

2032 

1073 

Actual  Northing  ___ 

97829 

97829 

97829 

99700 

02701 

02701 

Actual  Eoiting 

73705 

73705 

73705 

75350 

69487 

69487 

1289 

1289 

1289 

1280 

1291 

1291 

Meowred  Northing 

97944 

97860 

97764 

04776 

02347 

05158 

Meawred  Eoiting  ___ 

73679 

73713 

73905 

76665 

69918 

71428 

i Measured  Altitude  —— 

1159 

1215 

1208 

4169 

1808 

0078 

115 

31 

65 

5016 

854 

mm 

26 

8 

200 

1315 

426 

EUSI 

130 

74 

81 

mm 

17 

1218 

1 Ground  frrer 

117 

32 

210 

5185 

mam 

8124 

Srrora  la  altttada/nuica  foranlattoo  detomloed  (Software  VereloB  51)  - 
date  fovolid 

Raage  errors  doe  to  botteijr  deiradatloii 


I 


Ml 


Lasar  Designation 


Target  Type 
Target  No. 


Target  on 

RPV  Northing  _ 

RPV  Easting 

RPV  Altitude  _ 
Range  (Voice)  _ 
Range  Computed 
Taraet  Location 


Actual  Northing. — 

Actual  Easting 

Actual  Altitude  — 
Measured  Northing . 
Measured  Easting  — 
Meosured  Altitude  . 
Northipg  Error  __ 

Easting  Error 

Altitude  Error 

Ground  Error 

Comments 


Tank 


10:43:39  10:46.*40  11:01:57  11:02:12  11:10:07  ll:12r(7 


Black  Black  Black  Black 


Black  Black 


3635 

1702 

1672 

2286 

4236 

1873 

73706 

73706 

69487 

69487 

1289 

1289 

1291 

1291 

97750 

00918 

08382 

07386 

73798 

78572 

73110 

74701 

1084 

4105 

3037 

3423 

79 

3089 

5681 

4685 

93 

4867 

3623 

5214 

205 

2816 

1746 

2132 

122 

5764 

6890 

5633 

1289 


97769 


74964 


951 


60 


1259 


338 


1260 


Errors  in  altttude/range  formulaUco  determined  (Software  Version  51)  - 
data  invalid 


Table  E-12 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FUGHT  59 


Flight  Dot*  - 

Flight  No 

RPV  No 

Sontor  Oporator. 
Tost  Ob{oetivos . 


T-1-77 


Launch  Timo 
Sontor  No.  - 


Flight  Duration  ^ 
Softwora  Voriion . 


. Woothor, 


Table  E-13 

AQUILA  FUGHT  TEST-SENSOR  DATA  LOG.  FLIGHT  61 


Plight  Dots  1^1-11 

Flight  No.  gt 

RPV  No 11 

Sensor  Oprotor  Army/Stlth 


Launch  Tim* 

Sensor  No. ,T~lll 


Plight  Duration  3 »» 
Software  Version  .Si. 


. Weother . 


Test  Objectives  Ph*«e  I Sensor  - Training  Mteeioo 


Table  E-13  (Coot.) 


Flight  Dale  - ■ 

Flight  No.  !Li£ 

RFVNo 

Soraor  Oporator, 
Toit  Ob{«ctiv«(  . 


7-7-77 


Launch  Tint* , 
Sonaor  No.  _ 


Flight  CXiration  _ 
SofKvare  Version . 


. Weather . 


Resolution  Measurement 


7i«« 

Sensor  Downlook  Angie 

Sensor  Field  of  View 

Center  Resolution  - High  Contrast 
- Low  Contrast 
No . of  Targets  Attempted 
Detection 

Torget  Type 

Target  No. 

RPVEatiiv 

RFV  Northing 

Time  

FOV 

Range  

Recognition 


Target  Type 

Target  No 

RFV  Eastii« 

RFV  Narthii« 

Time 

FOV  

Range  

Comments 


96197  01048 

10.-45tl8  11;06;17 
18  deg  u 


Table  E-14 


AQUILA  FLIGHT  TEST-SEN80K  DATA  LOG.  FLIGHT  62 


Flighf  Oaf*  l-’t-l’t  Launch  Hbh 

Fllghf  No.  6^  Sonior  No. 

RPV  No.  Ig 

Sonsor  Qparafar  Am>y/8tlth  (Advistna) 
Te(f  Objoefivos  Wiaae  IV.  V.  YAG  Lcoer 


Launch  Tim*  Mi48  Flight  Duration  J 
Sonior  No.  SoftMor*  Vorsion  . 


. Woothor . 


Rocognition 


Targot  Typ*_ 
Torgot  No. 
RFV  Eotfing  _ 
RFV  Northii« 

Tim* 

FOV  

Rong*  

Camm*nts 


Id 


Tank 


74066 


90257 


14:42i55 


U 


1462 


Came  out  of  medianioal  cage  and  ftmotloeed  well  ->  some  jitter  In 
camera 

Target  data  Invalid  - aoopeoted  magnetometer  calibration  errors  and 
laser  rang*  errors  ~ laser  reading  fixed  st  5, 320  m for  several 


48 

48 

Tank 

74395 

72262 

74098 

98376 

96856 

983^0 

14:05:34 

14:22:31 

14:23:57 

U 

12  deg 

U 

1124 

1875 

1990 

267 


Table  E-14  (Coot.) 


Flight  Oat*  f-i-Tt 

Flight  NumiMr  ««  (CoKtawd) 


Swner  No.  T401 
LQMrTypo  YAG  Lager 


IcMT  Doilanation 


Torgot  Typo 
Torgot  No. 


Toigot  on 

RFV  Northii«  - 

RFV  Easting 

RFV  AlHtudo  — 
Rongo  (Voieo)  — 
Rang#  Computod 
Toraot  Location 


Actual  Northing  _ 
Actual  Easting  — . 
Actual  AlHtudo  — 
Moasurod  Northing . 
Moosurod  EasHng  — 
Moanirod  AlHtudo  . 

Northing  Error 

EasHng  Error 

AlHtudo  Error 

Ground  Error  . ■■ 


Pole 

Pole 

33 

33 

14:11:51  14:13d)7  | 14:23:57 1 14:29:58  1 14:30:37 


Block  White  White  Block 


67983  68277 


98320  01105  00657 


74098  68317  67553  (67907 


700  700 


5320 


2008 


mmm 


imR 


69861 

69861 

75350 

69861 

69861 

69861 

1291 

1291 

1280 

1291 

1291 

1291 

03715 

03834 

02406 

imm 

03449 

02463 

71942 

72405 

76785 

72345 

71959 

69792 

684 

5478 

131 

0053 

766 

1299 

GSH 

1652 

■ezai 

1851 

1267 

281 

Trooktag  bettor  block  Hioa  whltol 


Table  E-14  (Coot.) 


Fllg»»r  owe  2=2=Z2 

Flighr  Number  62  (Coattnuedt 


SeieorNo.  T401 
Later  Type  YAG 


Toroet  Type 
Taiper  Na. 


RPV  Norrtiit«  - 

RPV  Eoiting 

RPV  Altf  hide  — 
Ronoe  (Voice). 
Range  Computed 


iSKiOtSO  15:01:18 


Black  I Black 


1388  1361 


Black 


012T1 


Pole 


33 


15:18:11 


Black  Black 


00837  01184 


Actual  Northing  - - , 

Actual  Eaiting  . . 

Actual  Altitude  — ■ — 

Meotured  Northihg  — — 

Meatured  Easting  ■ ■- 
MeoKirad  Altitude  — . 

Northing  Error — 

Easting  Error 

Altitude  Error 

Ground  Error 

Comments 

Mdeture  eeemed  to  appear  on  dome  at  5:14. 


02182 


69861 


1291 


02530 


69775 


1350 


348 


Pole 


33 


15:37:18 


Black 


01488 


222 

384 

37 

IS 

Table  E-14  (Coot.) 


Flight  Ddta  

Flight  Numbw  *2  (Coatliiiied) 

lg«ar  Dwlgnqtlon  , 

Target  Type  Ipole 

Target  No. 


SetMor  No. 
Loser  Type 


Target  or* 

RPV  Northing  - 

RFV  Easting 

RPV  AlHtude  — 
Range  (Voice)  — 
Range  Computed 
Toraet  Location 


Actual  Northing  — 

Actuol  Easting 

Actual  Altitude  — 
Measured  Northing . 
Measured  Easting  ~ 
Measured  Altitude  . 
Northing  Error  — . 

Easting  Error  

Altitude  Error 

Ground  Error 

Comments 


14:S0t2S 


Black  I Black 


271 


1 


TttoU  E-15 

AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FLIGHT  63 


Flight  Oat* 7-8-77  Laun 

Flight  No.  ^3  S«ns( 

RPV  No.  

S«nsor  Operator  Army  - Joann 
Test  Objectives  Phase  HI  Eye  Safe 


7-8-77  Lourtch  Time  10^37  Flight  Duration  _ 

Sensor  No.  - ,504 Software  Version  . 

017 


, Weother . 


Resolution  Measurement 
Tim» 

Sensor  Downiook  Angle 

Sensor  Field  of  View 

Center  Resolution  - High  Contrast 
— Low  Contrast 

No . of  Targets  Attempted  _____ 
Detection 


Target  Type 

Torget  No. 

RPVEotfiiv 

RPV  Northiiv 

Tim* 

FOV • 

Rang*  

Recognition 


Target  Type 

Target  No 

RPVEoiHiV 

RPV  Narthli^ 

Tim* 

FOV 

Rang*  

Comments  Sensor  problems 


'-10s48i20|MOr49i^ 


M0:49;HH-10.‘49823l 


Sensor  problems  - Cage  couM  be  looked  In  down  posittan. 


I 


Table  E-16 


AQUILA  FLIGHT  TEST-SENSOR  DATA  LOG,  FUGHT  64 


7-9-77 

_64 

17 


Flight  Data  . 

Flight  No 

RPV  No.  

Sonsor  Oporotor. 
Tost  Oblectivos  . 


Resolution  Meosurefflont 


Launch  Time  Flight  Duration  1 hour  19  mtn 

Sensor  No. Software  Version  .SS 

■ Weather 


Recognition 


Target  Type- 
Target  No.  _ 
RFVEoiring. 
RPV  Northing 

Time 

FOV  

Range  

Comments 


Field  FleM 

U U 

57966  55772 

92992  96491 

10:31:06  10:37:28 


Alrapeed  went  down  dnrlnc  some  loiters. 
Stall  tndloator  flashed  on  screen. 
ABto-nnok  was  not  worldnf  - msnaal  track 
Data  was  invalid  for  TAG  evalnatiaa. 


Table  E-16  (Cont.) 


Flight  Data  7-9-77  Sansor  No.  T504 

Flioht  Numbar  64  (Continued)  Loser  Tyna  Eye  Safe 

Laser  Desianation 

Target  Type 

Field 

n 

Target  No. 

Truck 

Rat 

Rat 

Rat 

Rat 

Rat 

Tima 

10:37:53 

10:47:19 

10:48:29 

11:05:40 

11:06:16 

11:07:13 

Target  on 

Black 

Black 

Black 

Black 

Black 

Black 

RPV  Northing 

96696 

93010 

93007 

92978 

93006 

92995 

RPV  Easting 

56496 

55463 

56787 

56097 

57031 

58567 

RPV  AlHtuda 

200 

200 

200 

200 

200 

Range  (Voice) 

1100 

Rattga  Computed 

2594 

1278 

1963 

1038 

554 

Target  Location 

Actual  Northing 

93017 

93017 

93017 

93017 

93017 

Actuol  Easting 

58050 

r>8050 

58050 

58050 

58050 

Actual  Altitude 

1486 

1486 

1486 

1486 

1486 

Measured  Northing 

96338 

93172 

93010 

93124 

93077 

93017 

Measured  Easting 

56007 

58053 

58051 

58047 

58044 

58060 

Adeosured  Altitude 

1448 

1454 

1452 

1461 

1477 

1502 

Northing  Error 

155 

7 

107 

60 

0 

Easting  Error 

3 

1 

3 

6 

10 

Altitude  Error 

32 

34 

25 

9 

16 

Ground  Error 

155 

7 

107 

60 

10 

Commants 


i 


174 


Table  E-16  (Cent.) 


Flight  Datt 

Flight  Number  64  (Continued) 


Sensor  No.  1*504 
Loser  Type  Eye  Safe 


Loser  Designation 


Target  Type 
Target  No. 


Toiget  on  _ 

RPV  Northing  _ 

RPV  Easting 

RPV  AlHtude  — 
Range  (Voice)  ^ 
Range  Computed 
Toiget  Location 


Actual  Northing 

Actual  Easting 

Actual  Altitude  — 
Measured  Northing 
Measured  Easting  - 
Measured  Altitude 
Northing  Error  — 

Easting  Error 

Altitude  Error 

Ground  Error 

Comments 


Reel  22 


Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

11:15:18 

BRBM 

ll'.23:S3 

11:24:38 

11:27:34 

11:28:05 

Black 

Black 

Black 

Black 

Black 

BUck 

9S99S 

95878 

93013 

92812 

93047 

93934 

56638 

55760 

55742 

56476 

58767 

58863 

200 

300 

200 

300 

200 

200 

13681 

2316 

744  I 

93017 

93017 

93017 

93017 

msm 

58050 

58050 

58050 

58050 

58050 

58050 

1486 

1486 

1486 

1486 

1486 

1486 

96599 

96318 

93247 

92962 

92982 

92320 

54653 

56000 

60434 

58062 

58063 

57514 

emem 

1161 

1470 

1484 

1301 

3582 

3301 

230 

55 

35 

697 

3397 

2050 

2384 

12 

13 

536 

560 

52 

■m 

16 

2 

185 

4936 

3885 

2395 

56 

37 

879 

Table  E>16  (Cent.) 

Plight  DM.  7-9-77 

Sensor  No 

Flliaht  Number  64  (Conttnuedl 

Loser  Tvoe 

Laser  Designation 

e Safe 


Tai<o«t  Typa 
TorMt  No. 


Tofsot  on 

RPV  Northing  _ 

RPV  Eoiring 

RPV  AlHtudo  — 
Rang#  (Voieo) .. 
Rdngo  Computod 
Torgnt  Location 


Actual  Northing  _ 
Actual  Eoiting  v— 
Actual  Altitude  — 
Moowrad  Northing 
Maomrod  Coiting  > 
Moowirad  Altitude 
Northing  Error  _ 

Easting  Error  

Altitude  Error  — 
Oround  Error  __ 
Comments 


PAT 

PAT 

lli32:06 

ll:32tS5 

Black 

Black 

96549 

95831 

56526 

55849 

200 

200 

96343 

96343 

55997 

55997 

1443 

1443 

96327  98990 

56012 

56486 

1447 

159 

16 

15 

488  1 

Table  E-17 

AQUILA  FLIGHT  TEST-SENSOB  DATA  LOG,  FLIGHT  65 


Flight  Data  _ 7-10~77  _ Launch  Ti 

Flight  No. SS Somor  N 

RPV  No.  

Sonwr  Qparator  Sttth 

Tort  Objoetlv«  YAG  Laser  - Phase  V 


Launch  Tim*  6i07  Flight  Duration  ^ h* 
Sontor  No.  T502  SofKMuro  Vonion  .SSl 


Woathar  Calm 


Rosolution  Moosuromant 


Sonsor  DoMnlook  Anglo 

Sonsor  Field  of  View  _______ 

Contor  Resolution  - High  Contrastl 
» Low  Contrast 
No.  of  Targets  Attempted  ___ 
Detection 


Target  Type  _ 
Target  No.  - 
RFVEasHf«. 
RFVNarthitn 


Recognition 


Target  Type. 
Target  No.  _ 
RFVEasHt«. 
RFV  Northing 


Comments 


95512 


8:21:25 


94002 


8:36:49 


67106 


94061 


8:54:53 


98535 


8:59:56 


67999 


93983 


10:11:34 


20  deg  I 12  deg 


Table  E-17  (Cont.) 


Fiisht  Dot*  ____ 
Flight  No.  - 

RPV  No.  

Sonsor  Oporotor, 
Tost  Objoctives  . 


7-10-77 


Launch  Tfmo . 
)Sonsor  No.  — 


Flight  Duration  _ 
Software  Version . 


, Weather , 


Resolution  Measurement 


Tid>le  E-17  (Coot.) 


Flighr  Dot*  

Fliflhr  Numbw  65  (Contimwd) 

Unar  Dm! 


Sansor  No.  TS02 
LoiarTypa  YAO 


Table  E-17  (Coat.) 


Flight  Dot*  7-10*77  Sensor  No.  TS02 

Flight  Numbor  6S  (Contlaiied) Loser  Type  YAG 


WMi  wwHtiaiiQfi 

Pole 

Pole 

Pole 

Pole 

33 

33 

33 

33 

T^me 

9rt4t40 

10t02:50 

10:03:32 

10:05:22 

Black 

White 

Black 

Black 

, ppv  Khr*ht»g  , 

01301 

01284 

01050 

00996 

am/  1^1.^ 

6740S 

67580 

68419 

68448 

1 BPV 

700 

700 

700 

700 

2619 

2549 

1962 

1973 

Totget  Location 

02182 

02182 

02182 

02182 

69881 

69861 

69861 

69861 

1291 

1291 

1291 

1291 

Meoswetl  Northing 

02700 

02419 

02195 

02162 

FmMmm 

70482 

69867 

69887 

MeaiweJ  Ai***^*^ 

1097 

mam 

1265 

wmm 

518 

237 

13 

20 

621 

29 

6 

26 

194 

35 

26 

32 

Ground  Error 

806 

238 

14 

32 

Comment* 


n: 


Table  E-17  (Coiit.) 


Flight  Oat*  7-10-77 
Flight  Number  65  (Continued) 


Letter  Dgsigfwtion 

Target  Type 

Target  No. 


Target  on 

RPV  Northing  _ 

RPV  Easting 

RPV  Altitude  _ 
Rang*  (Voice)  — 
Rang*  Computed 
Toraet  Location 


Actual  Northing  — 

Actual  Easting 

Actual  Altitude 

Measured  Northing . 
Measured  Easting  _ 
AAeosured  Altitude  . 

Northing  Error 

Easting  Error 

Altitude  Error  — — 

Ground  Error 

Comments 


Sensor  No,  TS02 
Loser  Type  YAG 


33 

33 

33 

Tank 

Tank 

10:20:42 

10:22  d)5 

10:23:52 

10:34:51 

10:35:27 

White 

White 

White 

Black 

Black 

01080 

00591 

00543 

98794 

99673 

67822 

68034 

68076 

74165 

73758 

700 

700 

700 

700 

700 

2460 

2600 

2540 

1725 

1750 

2421 

2521 

2522 

1647 

1739 

69861 

69861 

69861 

1291 

1291 

1291 

02307 

02245 

02176 

69842 

69874 

69910 

1301 

1255 

1266 

125 

63 

6 

19 

13 

49 

10 

36 

25 

126 

64 

50 

Flight  Date 


SmisotNo.  T502 


Flight  Nufflbsr  65  tContlnued^ 


LoMt  Type  YAG 


Lotet-  Dwignqtion 

Target  Typa 

Target  No 

Time 


Target  on 

RPV  Northing 
RPV  Easting  — 


RPV  Altitude  — 
Range  (Voice)  — 
Range  Computed 
Target  Location 
Actual  Northing. 
Actual  Eosting  — 


Actual  Altitude 

Measured  Northing 

Measured  Easting 

Measured  Altitude 

Northing  Error 

Easting  Error 

Altitude  Error 

Ground  Error 

Comments 


Pole 


33 


10!39:46 


Black 


01461 


68032 


700 


1958 


Pole 


33 


10:43i56 


Black 


00511 


68117 


700 


2480 


2514 


Pole 


33 


10yt4;20 


Black 


00755 


67522 


700 


2880 


2827 


Pole 


33 


10t45;14 


Black 


01266 


68371 


700 


1940 


1883 


02182 

02182 

02182 

02182 

69861 

69861 

69861 

69861 

1291 

1291 

1291 

1291 

02346 

02120 

02305 

02280 

69852 

69881 

69832 

69828 

1287 

1247 

1252 

1245 

164 

62 

123 

98 

9 

20 

29 

33 

4 

44 

39 

46 

165 

65 

126 

100 

t8S 


25]e.7> 


